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1. Introduction

ABSTRACT

Introduction: Heparin-induced thrombocytopenia (HIT) is a potentially life-threatening condition asso-
ciated with heparin administration. Many orthopaedic units routinely prescribe low-molecular-weight
heparins as thromboprophylaxis after hip and knee arthroplasty.
Hypothesis: We postulated that routine platelet monitoring following heparin administration is of no
clinical benefit. We therefore asked: firstly, what was the rate of thrombocytopenia in alarge population of
patients undergoing lower limb arthroplasty? Secondly, did this rate justify routine platelet monitoring?
Materials and methods: Unless contraindicated, all patients (n=1999, 53.05% female, mean age 69.23
years)ata UK district general hospital undergoing hip and knee arthroplasty were given daily prophylactic
enoxaparin. Platelet counts were obtained between the 8th and 10th postoperative days and compared
to preoperative baseline. A > 50% fall in platelet count was classified as “possible HIT”. The minimal
acceptable risk of thrombocytopenia was defined using The American College of Chest Physicians (ACCP)
2012 guidelines, which recommend monitoring platelet counts in patients receiving heparin where the
expected risk of HIT is > 1% and by descriptive cost-benefit analysis based on the cost of routine platelet
monitoring in the clinical setting.
Results: Complete results were available for 1361 (68.1%) patients, comprising: 653 primary hips, 22
revision hips, 1 hip resurfacing, 665 primary knees, 19 revision knees and 1 unicompartmental knee
replacement. Mean platelet level was 281.9 x 109/L preoperatively and 527.83 x 109/L postoperatively.
Forty-four patients (3.2%) experienced a postoperative fall in platelet levels. However, no patient expe-
rienced a drop in platelets to less than 50% of the preoperative value.
Discussion: The incidence of HIT in the elective arthroplasty population is low. Therefore, routine post-
operative monitoring of platelets is not necessary in this population of patients.
Level of evidence: 11, prospective study.

© 2019 Elsevier Masson SAS. All rights reserved.

injection sites, acute systemic reactions, pulmonary embolism,
arterial thrombosis (stroke, acute coronary syndrome) and periph-

Type II heparin-induced thrombocytopenia (HIT) is a rare but
potentially life-threatening immune-mediated reaction to hep-
arin administration characterised by thrombosis. Clinical features
of type II HIT include deep venous thrombosis, skin lesions at
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eral arterial thrombosis [1-3]. Up to 10% of patients with
confirmed HIT require limb amputation and mortality rates range
from 10-30% [4-6]. In contrast, type I HIT represents a non-
immunological, mild and transient reduction in platelets within
a couple of days of heparin exposure, which undergoes a sponta-
neous recovery and has little long-term clinical significance and is
therefore not discussed further.

The cause of HIT has yet to be fully elucidated but the pathophys-
iology has been widely documented [5]. HIT arises when heparin
causes platelet activation and subsequent release of platelet factor
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Table 1
“4T" Score [19].

Points 2

1 0

Thrombocytopenia >50% fall and platelet nadir>20 x 10°/L

Timing of platelet count or other
clinical sequelae of HIT

Clear onset between days 5 and 10; or<1
day (if previous heparin exposure within
past 30d)

New thrombosis; skin necrosis;
post-heparin bolus acute systemic reaction

Thrombosis or other sequelae (e.g.
skin lesions)

Other cause for
thrombocytopoenia not evident

No other cause for platelet count fall is
evident

30-50% fall or platelet nadir 10-19 x 10°/L Fall <30% or platelet
nadir<10 x 10°/L
Platelet count fall <4 d (without

recent heparin exposure)

Consistent with immunisation but not
clear (e.g. missing platelet counts) or onset
of thrombocytopoenia after day 10; or

fall < 1d (if heparin exposure 30-100d ago)
Progressive or recurrent thrombosis;
erythematous skin lesions; suspected
thrombosis not yet proven

Possible other cause is evident

None

Definite other cause is present

4 (PF4) from platelet alpha-granules. PF4 then complexes with hep-
arin, resulting in a conformational change in the PF4 tetramer. The
concentration of heparin required to bring about this conforma-
tional shift appears to favour prophylactic, not therapeutic doses
[1,7]. Antibodies (which are usually of the IgG subclass) then bind
to the PF4/heparin complexes. The IgG-PF4-heparin complex leads
to a paradoxical prothrombotic state through several mechanisms
including platelet activation, thrombin generation and endothelial
injury [8-12].

HIT is usually suspected when there is unexplained thrombo-
cytopenia (as defined by platelet count <150 x 108/L) in a patient
receiving heparin therapy [13]. It is worth noting however, that
in 10% of those with HIT, the platelet count fails to fall to below
150 x 10%/L [14]: a fall of 30-50% occurs in 90-95% of HIT cases
[13-16]. Thrombocytopenia typically begins 5 to 10 days after hep-
arin administration. Exceptions to this rule include rapid-onset
HIT (preformed HIT antibodies from a previous episode of hep-
arin exposure are stimulated when the patient is re-challenged by
heparin; thrombocytopenia can occur within hours) and delayed-
onset HIT (high titres of IgG platelet-activating antibodies are found
and the clinical manifestations occur days after heparin cessation)
[17].

If a fall in platelet count is detected, further clinical evalua-
tion is required to determine whether HIT is a possibility. The
“4 Ts” score evaluates degree of thrombocytopenia, timing of the
fall in platelet count, presence of a likely alternative diagnosis
and presence of a new or existing but progressive, thrombotic
episode (Table 1) [18,19]. Each item is assigned a normalised
score to indicate severity where 0 is no clinically significant
change, 1 is a moderate change from baseline and 2 is a sig-
nificant deviation from normal or a significant clinical event.
HIT can be excluded on clinical grounds if the 4T score is 0-3
(where the maximum possible score is 8). 4T scores of >4 war-
rant further laboratory evaluation with platelet activation assays
or immunological assays to prove or exclude a diagnosis of
HIT.

If HIT is suspected on clinical grounds (i.e.: 4T score of >4),
anticoagulation with heparin should be stopped immediately until
results of confirmatory laboratory results are known. An alternative
non-heparin anticoagulant (e.g. direct thrombin inhibitor) at full
dose should be commenced whilst confirmatory studies are being
performed. IfHIT is confirmed, full dose anticoagulation with a vita-
min K antagonist should be introduced once the platelet count has
returned to the normal range, paying careful attention to measures
of haemostasis as definitive anticoagulant therapy is overlapped
with the interim agent [18].

Risk of HIT varies between different patient populations for
reasons yet to be fully understood. Studies have demonstrated that
risks of HIT are higher with prolonged heparin exposure (greater
than 4 days); with unfractionated heparin (UFH); in surgical
patients; and in female patients [1,4]. It has been proposed that
variability in heparin preparations, patient demographics and

diagnostic assays may also contribute to the variability in risk [20].
Quantifications of the risk of HIT in orthopaedic patients receiving
LMWH vary with estimates ranging from 0.15-0.9% [2,4,20-22].

The American College of Chest Physicians (ACCP) 2012 guide-
lines recommend monitoring platelet counts in patients receiving
heparin where the expected risk of HIT is > 1%. This 2c-grade recom-
mendation suggests that platelet counts are checked between day
4 and 14 or until the heparin is stopped (whichever is sooner) [23].
Routine platelet monitoring for HIT following elective arthroplasty
surgery has obvious resource and cost implications and necessi-
tates blood investigations which are unpleasant and inconvenient
for patients. Given the variability in estimates of the risk of HIT
in elective orthopaedic patients the value of routine monitoring
remains unclear and some units therefore still employ routine
platelet count monitoring in this patient group.

Martel et al. attempted to quantify the risk of HIT through
a meta-analysis and included several papers incorporating
orthopaedic patient groups however none addressed the issue
of HIT rates in thromboprophylaxis [24]. It is also worth noting
that this paper was published prior to the adoption of extended
thromboprophylaxis in elective lower limb arthroplasty patients.
The authors therefore identified the need for studies to clarify the
incidence of HIT in orthopaedic patients receiving thromboprophy-
laxis. In 2013, a retrospective study by Craik and Cobb attempted to
do just this and estimated the incidence of HIT-related thrombosis
in patients who had undergone either primary hip or knee arthro-
plasty as 0.03% [21]. This represented one patient in a cohort of
3515. However, the one patient in the study with thrombocytope-
nia and associated thrombosis following LMWH administration did
not have the recommended HIT confirmatory laboratory studies
and was not treated for HIT. It is not therefore possible to conclude
that HIT explained the clinicopathologic features in this case.

Therefore, we hypothesised that routine platelet monitoring fol-
lowing heparin administration is not useful in the elective lower
limb arthroplasty population at a threshold of > 1% risk of throm-
bocytopenia, as per ACCP guidelines. In this prospective study, we
intended to assess the rate of thrombocytopenia in a large popu-
lation of patients undergoing lower limb joint reconstruction and
whether this observed rate would justify routine platelet monitor-
ing.

2. Materials and methods

In accordance with United Kingdom national guidance, all
patients undergoing total knee and hip arthroplasty over a four-
year period in a United Kingdom district general hospital were
given daily subcutaneous enoxaparin (LMWH) injections, unless
contraindicated, until postop days 14 and 28, respectively [25].
Platelet counts were obtained preoperatively to establish baseline
levels. Further platelet counts were obtained between the 8th and
10th postoperative days. Had the patient been discharged from
hospital at this point this was arranged via community services.
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The platelet levels were reported via the pathology results system
and recorded in a confidential departmental database. Results were
monitored in real time by the elective orthopaedic ward staff.

In total, 1999 patients were eligible for inclusion and complete
results were available for 1359 (67.98%) patients. Of these 53.05%
were female and the average age of the cohort was 69.23 years.
The 1359 patients comprised 653 (48.05%) primary hips, 22 (1.62%)
revision hips, 1(0.07%) hip resurfacing, 665 (48.93%) primary knees,
19 (1.40%) revision knees and 1 (0.07%) unicompartmental knee
replacement. Our primary assessment criterion was defined as
patients experiencing a fall in platelets of > 50% from the preopera-
tive baseline, which was classified as “possible HIT”. We utilised the
4T scoring system as a secondary assessment criterion. A patient
experiencing a>50% fall in platelets from baseline or a 4T score
of > 4 warranted further clinical evaluation and confirmatory labo-
ratory studies. Arrangements were in place to contact such patients
for further face-to-face clinical/laboratory evaluation.

3. Results

Mean preoperative platelet level was 281.96 x 10%/L (SD 76/67;
range 65-855 x 10%/L) and 527.83 x 10°/L on postoperative day 1
(160.85; 131-1173 x 10%/L). The mean percentage platelet change
was therefore +93.33% (57.81; —42.71 to +401.28%) (Fig. 1).

Forty-four patients (3.2%) experienced a postoperative drop in
platelet levels ranging from a —0.47% to a —42.7% reduction. Two
patients had a postoperative platelet count of below 150 x 109/L:
136 x 109/L and 131 x 10%/L. No patient experienced a drop in
platelet levels to less than 50% of baseline.

Therefore, formal 4T scoring and further confirmatory labo-
ratory studies were not deemed necessary in any patient in the
cohort.

4. Discussion
Our results suggest that thrombocytopenia and thrombosis fol-
lowing administration of LMWH for elective arthroplasty patients

is an extremely rare event, far below the threshold of 1% justifying
platelet count monitoring. The clear majority (96.8%) of patients
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experienced an increase in platelet numbers postoperatively. A
very small minority (3.2%) of patients experienced a postoperative
decline in platelet count. However, this postoperative platelet level
did not drop to 50% of preoperative levels in any patient. Further-
more, the lowest postoperative platelet count in any patient in the
cohort (131 x 10%/L) was still well above the typical ‘nadir’ seen in
HIT. These were both considerably higher than the widely reported
nadir associated with symptomatic HIT (55 x 10°/L) [6,18,21].

Our finding that relatively few patients (3.2% in our inves-
tigation) experience a fall in postoperative platelet counts is
corroborated in the study of HIT in elective arthroplasty patients
by Craik and Cobb in 2013 [21]. They found that only 13 of the
3515 (0.37%) patients investigated experienced relative thrombo-
cytopenia resulting from LMWH administration following elective
lower limb arthroplasty. Furthermore, only 1 of the 3515 (0.0284%)
patients followed in their study went on to develop throm-
bosis and it was unclear whether this was related to HIT or
not.

Our evidence is contrary to the view Warkentin et al. proposed
two decades ago that HIT is a “relatively common” adverse effect
of heparin prophylaxis [2]. However, this difference may be
explained by the fact that our study and that of Craik and Cobb
defined HIT as a > 50% decrease in platelet level whereas Warkentin
et al. used the absolute definition of thrombocytopenia (platelet
count <150 x 10°/L) as inclusion criteria [2,21]. It is thought that
the definition used in this study - rather than using an absolute
cut-off value - results in greater diagnostic specificity [1].

We have identified that, although a small minority of elective
arthroplasty patients (3.2%) experienced a postoperative drop in
platelets, none went on to experience a thrombocytopenia sig-
nificant enough to prompt further investigation for HIT. This low
incidence confirms preexisting evidence in the literature [21]. As
such, the observed risk of HIT was considerably lower than the
1% threshold proposed by the ACCP to justify regular platelet
surveillance. Hence, regular monitoring of platelets for HIT in
elective arthroplasty patients is not only impractical but also
unjustifiable given the very low potential to detect HIT. Addi-
tionally, the cost for a full blood count in the United Kingdom
is estimated at £6 per test [26]. Given the numbers of patients
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Fig. 1. Relative change in platelet level (postop vs. preop) for each patient in the cohort.



500 B. Haughton et al. / Orthopaedics & Traumatology: Surgery & Research 105 (2019) 497-501

undergoing elective arthroplasty surgery, there is potential for
considerable cost saving by avoiding unnecessary platelet moni-
toring.

Limitations: there were several limitations to our investiga-
tion. Firstly, it may be argued that our results are only relevant
to patients given enoxaparin as postoperative thromboprophy-
laxis. However, the higher frequency of HIT in orthopaedic patients
is thought to be due to factors other than the dose and type of
LMWH. Factors considered of more importance include the dura-
tion of exposure to heparin, however, other factors are yet to be
fully elucidated. Therefore, our results may still apply to other
LMWHs [6,21]. Our definition of “possible HIT” was a postoper-
ative platelet count less than 50% of the preoperative baseline
(relative thrombocytopenia). Using this definition for screening,
cases of absolute thrombocytopenia (platelet count<150 x 109/L)
could theoretically be missed, particularly if patients had a rela-
tively low platelet count preoperatively. However, in our cohort
only 2 patients had postoperative platelet levels below 150 x 10%/L
(136 and 131 x 10%/L). Their preoperative platelet levels were 65
and 170 x 10°/L respectively; meaning relative changes of +71%
and —39%. In 10% of HIT cases, the platelet count does not fall below
150 x 109/L. Hence, measuring relative thrombocytopenia provides
greater diagnostic specificity [3].

Identifying HIT via platelet count monitoring following dis-
charge from hospital is inherently impractical due to difficulties in
follow-up, particularly if patients have blood tests in the commu-
nity. Anecdotally, patients report that they experience discomfort
and inconvenience for very little perceived gain. Our 67.98% follow-
up rate reflects this. Our unit is also hindered by the fact that its
catchment area covers a large, mostly rural, geographical area.

Samples were only collected on postoperative day 1 and
between days 8 and 10 with the aim of identifying cases of “typical-
onset” HIT (this is the most common time frame for HIT to present)
[2,4]. Rare presentations of HIT may have been missed from our
analysis as a consequence of the sampling method. These may
include: rapid-onset HIT, which is usually due to exposure to
LMWH in the 3 months prior to postoperative thromboprophylaxis.
HIT occurs in these cases 10-12 hours post-heparin administration
and always before postoperative day 4 [1,4]. Also, delayed-onset
HIT (3-5% of cases) occurs on average at day 14 with a range
between - or after — postoperative days 10 and 15. This syndrome
always presents after the cessation of LMWH administration[1,4,6].

5. Conclusion

HIT is a rare adverse reaction to heparin administration with
the potential to cause significant morbidity and comes with a high-
risk of mortality. Administration of LMWHs for VTE prophylaxis in
elective lower limb arthroplasty patients is widespread however,
regular monitoring for relative and absolute thrombocytopenia is
not recommended. We have confirmed that the incidence of HIT in
the elective arthroplasty population is extremely low and therefore,
routine postoperative monitoring of platelet levels for HIT is not
necessary.
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