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Summary

Background: Heparins are widely prescribed for prevention and therapy of arterial and

venous thromboembolic diseases. Heparin-induced skin lesions are the most frequent

adverse effect of subcutaneous heparin treatment in non-surgical patients (7.5%-

39.8%); no data exist on surgical patients. Commonly, they are due to a delayed-type

hypersensitivity reaction (DTH), but may also be a manifestation of life-threatening

heparin-induced thrombocytopenia (HIT). Lesions of both entities resemble initially.

The risk of HIT is highest among heparin-anticoagulated orthopedic surgery patients.

Objective: To determine incidence and causes of heparin-induced skin lesions in

major orthopedic surgery patients.

Methods: In a prospective cohort study, consecutive patients with subcutaneous

low-molecular-weight heparin (LMWH) treatment were examined for cutaneous

adverse effects. Further diagnostics (skin biopsy, clinical/laboratory assessment for

thrombosis, bleeding, HIT, cross-allergies) were performed.

Results: Six of 316 enrolled patients (1.9%; 95% CI: 0.4%-3.4%) developed heparin-

induced skin lesions. All were caused by a DTH reaction, and none was due to HIT

or other rare heparin-associated skin diseases. Therapeutic use (dosage) of LMWH

was identified as only risk factor (odds ratio: 3.1, 95% CI: 1.4-4.9; P = .00141). In

addition to DTH, 5 thromboembolic, 4 major bleeding complications but no cases of

HIT or cross-allergies were observed.

Conclusions and Clinical Relevance: Orthopedic surgery patients have—unlike non-

surgical patients—a low risk for heparin-induced skin lesions during LMWH treatment;

all lesions were due to a DTH reaction. The risk for DTH differs considerably between

individual patient cohorts. No association with HIT was observed. These data help to

tailor anticoagulatory treatment individually and to increase patient safety.
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1 | INTRODUCTION

Skin lesions are frequent adverse reactions during subcutaneous

heparin treatment. While many causes have been described for

heparin-induced skin lesions, they most commonly result from

delayed-type hypersensitivity (DHT) reactions.1-3 Prospective epi-

demiological investigations showed that 7.5% of medical patients

treated with low-molecular weight heparins (LMWH) develop a

DTH reaction.4 In obstetric patients, heparin-induced skin lesions

were observed in 29%-40% of the patients. Albeit the cause of

these reactions has not been determined, they are most likely

caused by a DTH reaction to heparins.5,6 Recent findings from our

group support these observations of a high incidence of DTH

responses to heparins in a prospective cohort of obstetric patients;

that is, 19.8% of patients developed a DTH reaction to heparin.7

This may point towards a distinct risk to develop DTH responses in

different patient populations. On the other hand, the second most

frequent reason for skin lesions is life-threatening immune heparin-

induced thrombocytopenia (HIT).1,8-10 This complication occurs

mostly in the subcohort of orthopedic and cardiovascular surgery

patients rather than in medical or obstetric patients.11-14 Because

currently there are no data available on heparin-induced skin

lesions in patient populations other than medical or obstetric

cohorts, and skin lesions in surgical patients—due to the higher

incidences of HIT in these patients—are more likely to be associ-

ated with HIT,15 we prospectively evaluated the incidence and

causes of heparin-induced skin lesions in orthopedic surgery

patients treated with LMWH.

Of note, initial HIT-associated skin lesions resemble clinically DTH

reactions to heparins; therefore, anticoagulation must be switched

immediately to a non-heparin anticoagulant, that is danaparoid, lepiru-

din, argatroban, fondaparinux.16 Contrariwise, DTH reactions are not

life-threatening conditions but require switch to another heparin or

fondaparinux as generalized reactions may occur, although cross-aller-

gies among different heparins are observed in >30%.1

2 | MATERIALS AND METHODS

2.1 | Study cohort

In-patient orthopedic surgery patients at the Department of Trauma

and Orthopedic Surgery at the Goethe University Hospital Frankfurt

were screened for study eligibility. Patients aged 18 years or older

with a prophylactic or therapeutic indication for subcutaneous

LMWH treatment for a minimum of 7 days4 following major ortho-

pedic surgery were included. Patients with a history of HIT, allergic

reactions to heparin, pre-existing skin disorders involving possible

heparin injection sites and patients with immunosuppressive thera-

pies or immunodeficiencies were excluded. Investigation and proce-

dures were approved by the ethics committees of the Goethe

University Frankfurt and were registered at ClinicalTrials.gov

(NCT00510432). The study was performed in accordance with the

Declaration of Helsinki.

2.2 | Study procedures

Prior to study enrolment, written informed consent for study partici-

pation was obtained from each patient. After inclusion, each

patient’s data regarding age, sex, indication for admission, type of

surgical procedure and previous exposure to subcutaneous anticoag-

ulants were recorded. Female patients were asked whether they

were pregnant, were taking hormonal contraceptives or hormonal

replacement therapy. From each patient’s clinical records information

about the patient’s current anticoagulation therapy (preparation,

duration, dosage, change or switch of heparin therapy), height and

weight (to calculate body mass index) were obtained. A clinical

examination of the heparin injection sites as well as a full-body

examination of the skin was performed 2-3 times before discharge.

If a heparin-induced skin lesion was identified (based on changes of

any aspects of subjectively stated symptoms by the patient, eg itch-

ing, or of skin colour or texture when compared to the condition

before heparin exposure), a second investigator examined the

patient. Next, further diagnostic workup was performed including

skin biopsy for hematoxylin/eosin staining, platelet count monitoring,

clinical pre-test probability assessment for underlying HIT (4Ts

score),17 heparin-induced platelet activation test (HIPA) and enzyme-

linked immunosorbent assay (ELISA) to detect antiplatelet factor 4

(PF4)/heparin antibodies as described elsewhere.4 We refrained from

allergologic testing due to a relatively low sensitivity and specificity

we found in a previous study.18 Any investigations that needed to

be repeated to confirm the diagnosis were performed 1-3 weeks

later. Biopsy samples were obtained from suspected skin lesions

under local anesthesia with Scandicain 1%. The samples were

stained with hematoxylin/eosin. A DTH reaction to heparin was

diagnosed based on history, clinical presentation and histology, char-

acterized by perivascular infiltrates of lymphocytes and eosinophils.18

HIT was diagnosed based on clinical presentation (4Ts score ≥4

points) and positive laboratory HIT diagnostics.19 The diagnosis

would be corroborated further, if the skin lesions presented as

necrosis or progressed towards necrosis, and/or histology showed

thrombotic occlusions of dermal vessels,3,19,20 because there are

hardly any non-HIT explanations for the presence of necrotizing skin

lesions at heparin injection sites.3 However, necrosis was not consid-

ered an absolute prerequisite for diagnosis of HIT, because early

cutaneous erythematous reactions due to HIT and DHT may look

similar.1 Histologic characteristics indicating other differential diag-

noses were documented as well.1 Because all patients with heparin-

induced skin lesions underwent clinical pre-test probability assess-

ment for underlying HIT using the 4T’s score,17 platelet count levels

and diagnostic procedures to detect thromboembolic complications,

for example vascular ultrasound, phlebography, CT scans, were anal-

ysed as well. To rule out any HIT-associated thromboembolic compli-

cations, patients with heparin-induced skin lesions were clinically

screened according to the Wells score21 for DVT with subsequent

ultrasound assessment if indicated.

Indication for and selection of heparin therapy, and decision to

switch anticoagulant therapy were made by the treating physicians.
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Results of this subcutaneous provocation in case of continued treat-

ment and switch of therapy were recorded. The following heparins

were used by the treating physicians: certoparin sodium (Novartis,

Nuernberg, Germany), enoxaparin sodium (Sanofi-Aventis, Frankfurt,

Germany) and nadroparin calcium (GlaxoSmithKline, Munich, Ger-

many).

Furthermore, secondary safety outcome parameters of all

patients—with or without skin lesions—(thromboembolic complica-

tions, bleedings, HIT, blood transfusions, hemoglobin levels) were

documented at inclusion and before discharge of the patient. Major

bleeding episodes were defined according to the criteria of the Inter-

national Society on Thrombosis and Haemostasis (ISTH) for surgical

patients.22

In case of bleeding complications, serum creatinine levels, age,

body weight were used to determine glomerular filtration rates

(GFR) by Cockcroft Gault in order to associate bleeding complica-

tions with possible bioaccumulation during heparin use, if heparin

levels were not measured by chromogenic anti-factor Xa assays.

2.3 | Statistics

Sample size was calculated using Bias 8.4.6 software (Epsilon, Hoch-

heim Darmstadt, Germany). A sample size of at least 312 patients

was calculated to determine the incidence of heparin-induced skin

lesions with a precision of at least �1.5% and a confidence of 0.95.

Age, BMI, duration of exposure and time of onset of skin lesions

during heparin therapy were calculated and expressed as the

mean � SD or median and range. The open-source software R

(www.r-project.org) was used for further statistical analyses. Unad-

justed odds ratios including 95% confidence intervals were calcu-

lated by logistic regression analysis on single covariates. To

determine covariates that are important to predict the development

of DTH, unbiased random forest importance analysis using R pack-

age cforest (a) was used. A logistic regression model combining the

covariates determined by random forest importance was further

optimized in a step-wise manner to minimize Akaike’s information

criterion (AIC). The influence of covariates was assessed with a likeli-

hood-ratio test each.

3 | RESULTS

We screened a total of 336 patients. Of those, 316 patients (94.0%)

could be included into the study. Reasons for the non-inclusion of

20 patients were no or minor surgery (n = 9), missing informed con-

sent due to dementia (n = 5) or insufficient language proficiency

(n = 2), heparin therapy <7 days (n = 2), and refusal to study partici-

pation (n = 2). In most patients, heparins were administered as post-

operative thrombosis prophylaxis (295/316; 93.4%). Fourteen of 316

patients (4.4%) had a therapeutic indication for heparin therapy, and

in the remaining 7 patients (2.2%), there was a switch from a pro-

phylactic and therapeutic dose of heparin due to suspected or con-

firmed VTE. In the majority of patients (168/316; 53.2%), nadroparin

was used as initial anticoagulant, in 119 of 316 patients (37.7%)

enoxaparin. In 28 of 316 patients (8.9%) and in 1 of 316 patients

(0.3%), a combination of nadroparin and enoxaparin, and nadroparin

and certoparin, respectively, was used as an anticoagulant. Further

data on basic patient characteristics and heparin treatment are

shown in Tables 1 and 2.

3.1 | Patients with skin reactions

We observed heparin-induced skin lesions in 6 of the 316 patients

(Table 2), amounting to an incidence of 1.9% (95% CI: 0.4%-3.4%).

Five patients with cutaneous reactions to heparins showed erythe-

matous lesions that were limited to the injection sites, and 4 of

these patients also reported itching (Figure 1). One patient reported

only strong itching in the areas of injection 5 days after start of

therapy without erythematous changes. Secondary generalization of

skin lesions was not observed in any of the patients. In none of the

cases, skin lesions progressed towards necrosis, and in all 6 skin

biopsies, a lymphocyte dermal infiltration with a varying degree of

additional eosinophil infiltration with the absence of microthrom-

boses in dermal vessels, which would be suggestive of underlying

HIT, was observed (Figures 1 and 2, Table 3). Therefore, a DTH

response as cause of the heparin-induced skin lesions based on clini-

cal and histologic features was diagnosed in all 6 patients.

In detail, patient #1 received VTE prophylaxis with nadroparin

initially for spondylodesis that was switched to enoxaparin postoper-

atively. Due to pulmonary embolism, anticoagulation was switched

to a therapeutic dose of enoxaparin. Skin lesions developed 70 days

after start of anticoagulation, treatment was alternated to certoparin

6 days later. Skin lesions were regressive thereafter. In patient #2,

the DTH response was elicited by prophylactic nadroparin, which

was switched to a therapeutic dose of nadroparin due to suspected

DVT. Erythematous skin lesions developed on day 8 after the initia-

tion of anticoagulation. Heparin was switched to a prophylactic dose

of fondaparinux 4 days later (on day 12) after DVT had been ruled

out. Fondaparinux was then maintained for 9 days, and it was well

tolerated while skin lesions were completely regressive. In patient

#3, skin lesions developed during VTE prophylaxis with nadroparin

on day 10. Treatment was discontinued on day 13 because it was

not indicated anymore and skin lesions were fully regressive there-

after. In patient #4, the causative LMWH nadroparin was switched

TABLE 1 Basic patient characteristics

Total number of patients, n (%) 316 (100.0)

Female gender, n (%) 169 (53.5)

Age, years (�SD) 62.7 � 16.6

Major orthopedic surgery, n (%)

Spine/vertebrae 119 (37.7)

Upper extremity 8 (2.5)

Lower extremity 189 (59.8)

SD, standard deviation.
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to prophylactic enoxaparin on day 18 after onset of skin reactions

on day 12 after start of anticoagulation. Patient #5 was treated with

enoxaparin for VTE prophylaxis in association with total hip replace-

ment. Erythematous skin lesions developed on day 15 after the start

of treatment. Anticoagulation was then switched to nadroparin on

day 19, and skin lesions were regressive. In patient #6, DTH was

caused by therapeutic enoxaparin during bridging anticoagulation

from phenprocoumon which was administered for atrial fibrillation.

Skin lesions developed on day 9. LMWH was maintained until day

12 and switched back to anticoagulation with oral vitamin K antago-

nist. Erythemas slowly disappeared after the discontinuation of

enoxaparin. Based on switching to another anticoagulant, which is a

sensitive, specific and practical approach of finding an alternative

heparin-based anticoagulant,1,18 cross-allergies were not detected in

any of the patients (Table 3).

Comparison of patients with and without DTH to heparin

showed no difference regarding age, gender distribution, previous

heparin therapy, LMWH preparation used, duration of heparin

TABLE 2 Patient characteristics stratified according to patients with or without delayed-type hypersensitivity to heparins

Characteristics All Without DTH With DTH

n (%) 316 (100.0) 310 (98.1) 6 (1.9)

Female gender, n (%) 169 (53.5) 165 (53.2) 4 (66.7)

Age, years (�SD) 62.7 � 16.6 62.7 � 16.7 63.2 � 12.5

BMI (�SD) 27.3 � 5.9 27.2 � 0.3 33.4 � 6.0

Pregnant, n (%) 0 (0.0) 0 (0.0) 0 (0.0)

Hormone substitution, n (%) 13 (4.1) 6 (1.9) 0 (0.0)

Previous heparin therapy, n (%) 248 (78.5) 242 (78.1) 6 (100.0)

Indication for LMWH, n (%)

Prophylaxis 295 (93.4) 292 (94.2) 3 (50.0)

Therapy 14 (4.4) 13 (4.1) 1 (16.7)

Atrial fibrillation 9 (2.8) 8 (2.5) 1 (0.3)

VTE 5 (1.6) 5 (1.6) 0 (0.0)

Prophylaxis and therapy 7 (2.2) 5 (1.6) 2 (33.3)

New VTE 5 (1.6) 4 (1.3) 1 (0.3)

Suspected VTE ruled out 2 (0.6) 1 (0.3) 1 (0.3)

LMWH preparation, n (%)

Nadroparin only 168 (53.2) 165 (53.2) 3 (50.0)

Enoxaparin only 119 (37.7) 118 (38.1) 2 (33.3)

Nadroparin/enoxaparin 28 (8.9) 26 (8.4) 1 (16.7)

Nadroparin/certoparin 1 (0.3) 1 (0.3) 0 (0.0)

Contains nadroparin 197 (62.3) 196 (63.2) 4 (66.7)

Duration of heparin treatment, days (range) 10 (7-332) 10 (7-332) 15.5 (12-86)

Duration to onset of skin lesions, days (range) – – 11 (12-70)

Initial skin reaction to, n (%)

Nadroparin – – 3 (50.0)

Enoxaparin – – 3 (50.0)

Characteristics of skin lesions, n (%)

Local erythema – – 5 (83.3)

Local pruritus – – 5 (83.3)

Generalized reaction – – 0 (0.0)

Skin necrosis – – 0 (0.0)

Histology, n (%)

Lymphohystiocytic infiltrate – – 6 (100.0)

Dermal microthromboses – – 0 (0.0)

Wells score, points (�SD) �2.1 � 0.1 �1.6 � 0.2

Revised Lo Score, points (�SD) N/A 3.0 � 0.4

BMI, body mass index; DTH, delayed-type hypersensitivity; LMWH, low-molecular-weight heparin; N/A, not applicable; SD, standard deviation; VTE,

venous thromboembolism.
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treatment and hormone intake. In a multivariate logistic regression

after determining relevant covariates in a random forest analysis and

further optimization of the AIC, only therapeutic dosage of heparin

emerged as independent and significant risk factor on the onset of

DTH (odds ratio [OR]: 3.1, 95% CI: 1.4-4.9; P = .00141). Nadroparin

use, however, was not a significant risk factor in this model (OR: 1.7,

95% CI: 1.4-4.9; P = .00141; Table 4).

3.2 | Skin lesions and heparin-induced
thrombocytopenia

Two of 6 patients with heparin-induced skin reactions had a 4Ts

pre-test probability score of 5 points (according to Lo et al17) and 4

points (according to Warkentin et al3), respectively, indicating an

intermediate risk (4-5 points) of underlying HIT. DVT was suspected

(A) (B) (C)

F IGURE 1 A, B, Clinical presentation of heparin-induced delayed-type hypersensitivity reactions (DTH). Mostly, skin reactions are restricted
to the area of heparin injections. They present as localized, infiltrated, erythematous, itching maculae and/or plaques. Sometimes surrounding
papules are observed. Generalized reactions occur in 3%-10% of patients. C, Histology of a skin biopsy of a patient with DTH reaction to
heparin shows a characteristic dermal infiltration with lymphocytes and few eosinophils

(A) (B) (C)

F IGURE 2 A, Clinical presentation of a cutaneous necrosis in a patient with underlying heparin-induced thrombocytopenia (HIT). B, C,
Microthromboses in dermal vessels in a patient with HIT-associated skin necrosis (reproduced from Peitsch et al20 by permission of Springer)

TABLE 3 Characteristics of patients with skin reactions to heparins

# Gender Age BMI Hormones

Previous
heparin
therapy Indication

Initial
reaction
to

Skin
necrosis

Onset of
skin
lesions
(days)

Switch of
heparin
after (days) Switch to

Skin reaction
regressive
after switch
/stop

1 Female 63 61.0 No Yes Prophylaxis

Therapy (PE)

ENO No 70 76 CER Yes

2 Male 44 24.7 No Yes Prophylaxis

Therapy

(suspected DVT)

NAD No 8 12 FON Yes

3 Female 74 37.9 No Yes Prophylaxis NAD No 10 13 Stop of

anticoagulation

Yes

4 Female 53 24.2 No Yes Prophylaxis NAD No 12 18 ENO Yes

5 Female 69 31.6 No Yes Prophylaxis ENO No 15 19 NAD Yes

6 Male 76 21.2 No Yes Therapy (Afib) ENO No 9 12 Switch to

phenprocoumon

Yes

Afib, atrial fibrillation; BMI, body mass index; CER, certoparin; DVT, deep vein thrombosis; ENO, enoxaparin; FON, fondaparinux; NAD, nadroparin; PE,

pulmonary embolism.
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in 1 patient with a 4Ts score of 5 points, but this could be ruled out

sonographically. Pulmonary embolism occurred in the other patient.

This was not associated with the onset of skin lesions in the context

of HIT because skin lesions only occurred on day 70 after start of

anticoagulation. Nevertheless, laboratory testing was performed with

an antiplatelet factor 4/heparin enzyme immunoassay and a func-

tional heparin-induced platelet activation assay. Results were nega-

tive in both patients. Further therapy with LMWH was not

complicated by new or progressive VTE. The remaining 4 patients

had 4Ts scores of 2 and 3 points, respectively. Due to the associated

low risk of HIT, further laboratory testing was not initiated. Clinically

neither thromboembolic HIT-sequelae nor necrotic skin lesions

occurred in the further course.

3.3 | Further safety outcomes

Regarding venous thromboembolic complications, Wells score

assessment was performed in 311 of 316 patients (98.4%) with a

mean of �1.1 � 0.8 points. Reasons for not assessing the Wells

score were leg amputation in 4 and cast of both legs in 1 of 5

patients (1.6%). None of the patients had a Wells score of ≥3 points

which would be suggestive of underlying thrombosis. However, 5

venous thromboembolic complications occurred in 316 patients

(1.6%) despite prophylactic anticoagulation with LMWH, with DVT

in 2 patients, PE in another 2 patients and DVT with PE in 1 patient.

In 2 more patients with suspected DVT, the diagnosis was ruled out

by venous sonography. Because platelet monitoring showed a drop

in platelet counts >30% in 2 of these 5 VTE patients, laboratory HIT

diagnostics was performed, but did not confirm underlying HIT as

cause of VTE.

Regarding bleeding complications, a decrease in hemoglobin

levels by ≥2 g/dL postoperatively compared with preoperative

hemoglobin levels was documented in 245 of 316 (77.5%). A

decrease in hemoglobin levels by <2 g/dL postoperatively was found

58 of 316 patients (18.4%). In 13 of 316 patients (4.1%), pre- or

postoperative hemoglobin levels were not documented. In 128 of

316 patients (40.5%), 2 or more units of packed red blood cells

(RBC) were necessary intra- or postoperatively. However, in the

majority of patients the extent of intra- and postoperative blood loss

was expected. Only 4 of 316 patients (1.3%) fulfilled ISTH major

bleeding criteria.22 These were surgical site bleedings with need for

reoperation in 1 patient and prolonged surgical site bleedings with

need for transfusion of RBCs in 3 patients.

4 | DISCUSSION

The study was designed to determine for the, so far unknown, inci-

dence and causes of heparin-induced skin lesions in orthopedic sur-

gery patients during treatment with low-molecular-weight heparins.

While recent studies in non-surgical patients have shown that hep-

arin-induced skin lesions are due to a DTH response to heparins in

the vast majority of patients,1,4,7,23 orthopedic patients offer another

intriguing clinical aspect: these patients have the highest risk to sus-

tain HIT which is >50- to 100-fold higher compared to medical or

obstetric patients, and HIT-associated skin lesions show in up to

TABLE 4 Risk factors for delayed-type hypersensitivity reactions (DTH) to heparin in orthopedic patients

Risk factor

a) Unadjusted b) Adjusted c) Adjusted

OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value

Male sex �0.56 (�2.3 to 1.1) .508 �0.52 (�2.4 to 1.4) .587 ND ND ND

Age 0.0017 (�0.048 to 0.051) .945 ND ND ND ND ND ND

BMI 0.11 (0.019 to 0.2) .033 0.041 (�0.068 to 0.15) .455 ND ND ND

Prior heparin exposure 17 (�4200 to 4200) .0864 16 (�4000 to 4000) .17 ND ND ND

Nadroparin 1.1 (�1.0 to 3.3) .255 1.6 (�0.77 to 4) .134 1.7 (�0.59 to 4.0) .09682

Enoxaparin 0.14 (�1.5 to 1.8) .863 ND ND ND ND ND ND

Certoparin 13 (�4700 to 4700) .845 ND ND ND ND ND ND

Max. heparin

exposure duration (days)

0.0065 (�0.0087 to 0.022) .49 0.011 (�0.012 to 0.034) .483 ND ND ND

Therapy 2.8 (1.1 to 4.5) .00313 2.7 (0.7 to 4.6) .0134 3.1 (1.4 to 4.9) .00141

Prophylaxis �1.5 (�3.7 to 0.7) .25 ND ND ND ND ND ND

Hormone intake �15 (�3600 to 3500) .476 ND ND ND ND ND ND

BMI, body mass index; CI, confidence interval; ND, not determined; OR, odds ratio.

As identification of risk factors was initially not considered as a study endpoint, the data have to be interpreted with care, owing to a possible selection

bias.

(a) OR including 95% CI and likelihood-ratio test P-value (unadjusted for multiple testing); logistic regression on single covariates. (b) Adjusted OR includ-

ing 95% CI and likelihood-ratio test P-value; to determine covariates that are important to predict the development of DTH, unbiased random forest

importance analysis using R package cforest (a) was used. (c) Adjusted OR including 95% CI and likelihood-ratio test P-value; a logistic regression model

combining the covariates determined by random forest importance was further optimized in a step-wise manner to minimize Akaike’s information

criterion.

SCHINDEWOLF ET AL. | 1021



20% of patients.15,24 Conversely, in 29%-50% of patients with hep-

arin-induced skin lesions, underlying HIT was demonstrated.8,10

Thus, we further investigated whether heparin-induced skin lesions

in orthopedic surgery patients during LMWH treatment might rather

be due to HIT-induced skin lesions instead of a DHT reaction.

4.1 | Incidence of skin lesions and risk factors

Interestingly, we found that the incidence of heparin-induced skin

lesions during LMWH treatment was considerably lower in orthope-

dic surgery patients compared with different previously assessed

patient cohorts. More specifically, the incidence we registered was

1.9% (95% CI: 0.4%-3.4%) in orthopedic patients compared to 7.5%

in medical patients4 and 19.8% in obstetric patients.7 All lesions

were diagnosed clinically and histologically—by the detection of a

lymphohistiocitary infiltrate and the absence of microthromboses in

dermal vessels—as a DHT reaction. All skin lesions were fully regres-

sive and none progressed to skin necrosis. Negative laboratory HIT

assessment ruled out any association of the observed skin lesions

with HIT. However, contrary to the mentioned previous findings, our

results on surgical patients are in line with recently published data

that underline the importance of the type of heparin preparation as

well as the type of skin lesion in the clinical allocation of heparin-

associated skin reactions: non-necrotizing heparin-induced skin

lesions are almost invariably a manifestation of DTH, and not of HIT,

at least when they are caused by LMWH treatment.3,23

Regarding DTH risk factors, we found that a therapeutic as

opposed to a prophylactic LMWH dose has a higher risk to elicit skin

lesions. It seems plausible that prolonged exposure to heparin—as

previously identified4—and therapeutic LMWH dose are 2 risk fac-

tors that interact; that is, a therapeutic dose is often the reason for

a prolonged duration of treatment. However, the risk factor pro-

longed heparin exposure only showed in non-surgical patients who

had more often a therapeutic indication for anticoagulation than sur-

gical patients.4

However, these data have to be interpreted with caution, as

the study was not powered to detect risk factors for the develop-

ment of DTH reactions in orthopedic surgery patients. The low

number of patients with DTH in this study may explain in part,

why the determined (or excluded) risk factors vary from a recent

meta-analysis.25

The reason for the observed low incidence of DTH reactions in

orthopedic surgery patients remains unclear. A recent meta-analysis

has clearly identified younger age (<55 years), female sex, obesity

(BMI > 25), prior heparin exposure and a long duration of heparin

therapy (>11 days) as patient-related risk factors and nadroparin

treatment as strong drug-related risk factor for DTH25 from 3 large

prospective investigations on the incidence of DTH.4,7,26 Compared

to the cohort of medical patients that was previously assessed for

heparin-induced skin lesions,4 the patients from this surgical cohort

showed higher rates of female patients and of previous heparin

exposures, a higher BMI and a longer duration of heparin therapy,

and were exposed more frequently to high allergenic nadroparin.

Although it is speculative, there are robust data that suggest that

peri- and postoperative conditions might have an influence on the

actually expected higher sensitization rate in orthopedic surgery

patients. It is well known that major surgery triggers stress reactions

that go along with various metabolic changes and can lead to a pro-

found, prolonged increase in cortisol levels after stimulation of the

hypothalamic-pituitary-adrenocortical axis (HPA). Pro-inflammatory

cytokines from the surgical wound (eg interleukin [IL]-1 and inter-

leukin-6 and tumour necrosis factor a [TNF-a]) can further stimulate

HPA axis-mediated cortisol release but have also a direct extrapitu-

itary effect on adrenal cortisol production.27,28 Cortisol levels may

stay increased for more than 7 days after surgery proportionally to

the level of operative stress.29-31 Glucocorticoids (GCs) are potent

anti-inflammatory and immunosuppressant agents, and it is known

that already small changes in glucocorticoid levels are already

immunomodulatory and may influence leucocyte trafficking.32-35 GCs

may influence the onset of a drug-specific, T cell–mediated DHT

reaction36,37 in multiple ways. Among others, GCs may inhibit anti-

gen uptake and processing by dendritic and Langerhans cells, genera-

tion of pro-inflammatory eicosanoids and cytokines,32,35,38 CD4+ T

cell activation and signalling, dendritic cell activity and differentia-

tion,32,39 and leucocyte trafficking.32,35 However, a conceivable

stress hormone, that is corticosteroid, level-modulated allergic sus-

ceptibility to develop DTH reactions at the observed low incidence

in orthopedic surgery patients, requires further investigations.

4.2 | Safety outcomes

The safety outcomes of the present study showed an overall safe

application of LMWH in orthopedic surgery patients with no cases

of HIT (0.0%), a total of 5 venous thromboembolic events (1.6%) and

4 major surgical site bleeding complications in 316 patients (1.3%).22

Because in 2 of these patients, kidney function was moderately

(GFR 59 mL/min/1.73 m2) and severely (GFR 23 mL/min/1.73 m2)

decreased and neither LMWH doses were adjusted to impaired kid-

ney function nor anti-Xa level monitoring was performed, it is con-

ceivable that bioaccumulation may have triggered the bleeding

complications in these 2 patients.

4.3 | Therapeutic implications

Regarding the therapeutic implications of our findings, we suggest

an individual approach for heparin use in major surgery patients that

takes into account drug-related factors (eg renal clearance, HIT risk,

antagonizability, osteoporosis, anti-inflammatory and anti-metastatic

effects). Furthermore, patient-related risk factors that contribute to

sensitization to heparins (eg younger age, female gender, obesity

(BMI > 25), prior heparin exposure, extended anticoagulation

required) must be considered. However, these patient-related risk

factors seem to play a lesser role in orthopedic surgery patients than

in medical or obstetric patients. Regarding heparin preparation-

related risk factors, nadroparin showed no significantly increased risk

for sensitization in surgical patients, while previous studies found a
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strong correlation (OR 30).4,7,25 One suitable alternative may be the

pentasaccharide fondaparinux. Due to molecular properties, the lat-

ter seems to have a low allergenic potential and significantly reduces

the total number of VTE compared to LMWH after major orthopedic

surgery.40 This might be also a reasonable choice in case allergic skin

lesions have already developed26 because cross-allergies occur in

>30% of patients.1 It is also possible to use non-heparin anticoagu-

lants, that is apixaban, dabigatran, rivaroxaban, which are all

approved for thrombosis prophylaxis in orthopedic surgery.41 This

must be considered especially in case therapeutic anticoagulation is

required because this showed in our model to be an independent

significant risk factor for eliciting DTH reactions. As typical complica-

tion in major surgery patients postoperative bleedings may occur. In

patients with postsurgical high bleeding risk and a DTH reaction to

heparins but the indication for extended anticoagulation, intra-

venously administered unfractionated heparin which can be titrated

and which is readily antagonizable can be applied due to its known

compartment tolerance.1 In case skin lesions develop during LMWH

treatment, clinical pre-test probability risk assessment is warranted

due to the higher risk of HIT-associated skin lesions and a higher risk

of HIT in orthopedic surgery patients.3,9,24

5 | LIMITATIONS

The incidence of heparin-induced skin lesions in our study cohort

during LMWH treatment was compared with non-surgical patients

from a previous study.4 Although we were not aware of any changes

in heparin preparations by the manufacturers, it cannot be excluded

that other unknown drug-related factors might have contributed to

the observed lower frequency of skin reactions compared to non-

surgical patients.

Furthermore, because our study was not designed to detect

differences between risk factors or between different heparin

preparations, and heparin selection and patient allocation to a

specific heparin preparation were due to the treating physicians,

data on risk factors and on drug-specific differences in sensitiza-

tion potentials and cross-allergies must be interpreted carefully.

We cannot comment on UFH effects because this preparation was

not applied in our study population. Because the incidence of HIT

in orthopedic surgery patients was not a primary end-point of our

study, was underpowered to answer this question and would

require a different screening strategy, conclusions regarding this

aspect are limited.

However, for several reasons we think that our results are

generalizable. (i) This was an all-comer study with only few exclu-

sion criteria. (ii) Previously identified risk factors for sensitization,

that is previous heparin therapy, longer duration of heparin treat-

ment, female gender, nadroparin use, were more frequent in the

orthopedic surgery patient cohort compared to the medical patient

cohort. This should rather lead to an overestimation of the inci-

dence of DTH reactions in the surgical patient cohort. (iii) To mini-

mize potential sources of biases, clinical examinations and

diagnostic tests were performed in duplicate by 2 investigators or

methods, that is clinical assessment of skin lesions, histologic anal-

ysis of skin biopsies, conduct of laboratory HIT diagnostics with

different assays, that is platelet factor 4/heparin–enzyme-linked

immunosorbent assay, heparin-induced activation assay, interpreta-

tion of laboratory data, that is monitoring of platelet counts and

hemoglobin levels. Thus, we think that it is safe to conclude that

the presence of a heparin-induced DTH response to LMWH is

associated with a lower risk of heparin-associated skin reactions

compared to medical patients.4

In conclusion, we report an incidence of 1.9% (95% CI: 0.4%-

3.4%) of heparin-induced skin lesions in a cohort of major orthopedic

surgery patients during anticoagulation with LMWH. All cutaneous

reactions were due to a DHT reaction. Compared to the high (20%-

40%) and intermediate (7.5%) risk in obstetric or medical patients to

develop a DTH response to subcutaneously administered heparin,

the risk is considerably lower in orthopedic surgery patients. Unlike

previous data, none of the skin lesions was associated with life-

threatening HIT although orthopedic surgery patients are among the

group with the highest risk to sustain HIT. Within the limitations of

this study, we identified therapeutic LMWH dosage as a significant

risk factor for DTH reactions as opposed to prophylactic treatment.

Previously identified risk factors seem to play a lesser role in surgical

patients.
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