
INTRODUCTION

In sickle cell disease (SCD), vaso-occlusion is

a complex process involving cellular, vascular,

and humoral factors and, possibly, thrombotic

events. Major organ failure, such as autosplenec-

tomy, and end stage renal failure, generalized os-

teonecrosis, stroke, retinopathy, chronic lung di-

sease, and leg ulcers are direct consequences of

sickle cell evoked vaso-occlusive crisis (VOC)[1]. 

Disordered coagulation of SCD is characteri-

zed by the evidence of activation of coagulation

increased levels of prothrombin fragment F1+2,

D-dimers and thrombin-antithrombin-III (AT-III)

complexes[2,3]. Naturally occuring anticoagulants,

protein C (PC) and protein S (PS) have been re-

ported to be low in steady state[4,5,6,7]. There is a

strong association between PC activity and anti-

gens with serum lipids[8].

The aim of this study was to evaluate the pati-
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ABSTRACT

Microvascular occlusion in sickle cell disease (SCD) is a multifactorial process. Disordered coagula-

tion may play a role in the pathogenesis of vaso occlusive crisis (VOC). The aim of this study was to eva-

luate the patients and to investigate their Protein C (PC), Protein S (PS) and AT-III levels during normal

and crisis periods. A total of 18 patients with SCD were included in this study at the Antalya State Hos-

pital, Thalassemia Center. The mean number of VOC episodes of the patients per year was 4.1 – 3.2.

Complications in patients included 4 cases of osteonecrosis (23.5%),  2 cases of cholealithiasis (11.7%),

2 cases of leg ulcers (11.7%), and 3 splenectomies (17.6%). The patients during noncrisis periods have

lower cholesterol and higher triglycerides levels than the controls (p< 0.001). Hepatic and renal functi-

ons were normal in all patients. The mean totals of the PS, PC and AT-III levels were statistically lower

both in non crisis and in crisis periods than the control (p< 0.001), but there was no statistical difference

between the levels durining noncrisis and crisis periods.

In conclusion, PC, PS and AT-IIII deficiencies in patients with SCD are certain. However, these de-

ficiencies do not change during noncrisis and crisis situations and does not play a role on the period of

crisis. Abnormal lipid patterns may be a predisposing condition for a crisis.
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ents with SCD and to investigate their PC, PS,

AT-III and serum lipids levels during steady state

and in crisis. 

M ATERIALS and METHODS

In the Antalya State Hospital, Thalassemia

Center, a total of 18 patients with SCD (9 female,

9 male) aged 2-46 years (mean – SD: 26.3 – 10.5)

participated in this study. The mean number of

VOC in patients was 1-12/year (mean – SD: 4.1 –

3.2). 

The patients were evaluated for clinical, he-

matological, hepatic, and renal functions, and na-

tural inhibitors and lipids. Natural inhibitors were

studied in three groups of subjects; 18 patients

with steady state, 10 patients in crisis and 15 he-

althy subjects. Protein C antigens, total Protein S

and AT-III levels were assayed with commercial

Elisa Kits (Thrombonostika Protein C-Organon

Teknika), (Thrombonostika Protein S-Organon

Teknika) and (ChromostrateT M Antithrombin III as-

say-Organon Teknika). Serum lipids were measu-

red in 18 patients with SS, and 20 healthy sub-

jects were matched for age and sex by using the

commercial Elisa Kits (Olympus System Re-

agent).

Student t test was used for statistical analysis.

RESULTS

In Table 1 the features and complications of

patients are shown: 4 osteonecrosis (23.5%), 2

cholelithiasis (11.7%), 2 leg ulcers (11.7%), 3

splenectomy (17.6%). Hepatic, renal function

tests and fibrinogen levels were normal in 18 pa-

tients in steady state.

The patients in steady state have been found

Table 1. The features of patients with sickle cell disease

Patient Age Sex V O C Crisis Steady Complications

no (year) (no/year) state

1 43 F 2 - + Bilateral femur osteonecrosis

2 2 M 3 - + -

3 16 M 3 - + Splenectomy

4 22 F 3 + + Cholelithiasis

5 18 F 1 + + Left knee osteonecrosis

6 36 F 6 + + Bilateral femur osteonecrosis

7 25 M 8 + + Leg ulcer

8 23 F 12 + + -

9 31 M 3 + + -

10 21 F 2 - + -

11 30 M 10 - + -

12 18 M 2 - + -

13 46 F 2 - + Osteonecrosis + cholelithia-
sis

14 30 M 1 + + Leg ulcer

15 31 F 3 + + Splenectomy

16 31 F 2 + + Splenectomy

17 24 M 6 - + -

18 20 M 8 + + -

Mean – SD 26.3 – 10.5 4.1 – 3.2



with lower serum levels of total cholesterol and

higher triglycerides than the control (p< 0.001)

(Table 2).

The mean total PS, PC and AT-III levels were

statistically lower in patients in steady state and in

crisis than in the control (p< 0.001), but there was

no statistical difference between the periods of

steady state and crisis (Table 3).

DISCUSSION

Major organ damage in 785 patients with SCD

have been reported: strokes (8.8%), chronic renal

failure (4.1%), sickle chronic restrictive lung dise-

ase (4.2%), priapsim (6.7%), retinopathy (5.6%),

generalized or localized osteonecrosis (9.4%) and

devastating leg ulcers (10.4%) were clearly rela-

ted to VOC[1]. We observed organ complications

such as osteonecrosis (23.5%), cholelithiasis

(11.7%), leg ulcers (11.7%) and splenectomy

(17.6%) in 18 patients with SCD. 

Hagger et al. showed that PC levels in pati-

ents with SCD was reduced in steady state but un

changed in crisis, while PS and AT-III levels were

normal both in the steady state and crisis[3]. Nsiri

et al. reported that PC, PS and AT-III levels were

reduced in steady state and further diminished in

crisis and they also showed that Factor VIII, D-di-

mer, plasminogen activator inhibitor (PAI-1) anti-

gens were significantly increased in patients with

SCD[4]. Wright et al. reported that a prolongation

of the PT time, low Factor V and VII levels, the ab-

sence of PIVKA and reduced concentrations of

PC and PS in SCD[9]. Other studies have also

shown that PC, PS and AT-III levels were low only

in the steady state[5,6,7].

In our study, PC, PS and AT-III levels were

statistically lower both in the steady state and in

crisis than in the control group (p< 0.001), but the-

re was no statistical difference between these le-

vels in steady state and crisis.

Microvascular occlusion in SCD is a multifac-

torial process. Disordered coagulation and athe-

roma besides natural inhibitors, may play a role in

the pathogenesis of VOC. The appearance and

progression of atheraoma in these patients may

explain the alteration of plasma lipid patterns[2,10].

Although hepatic, renal, and coagulation tests

such as the PT, aPTT, fibrinogen, and Factor V le-

vels were with in normal limits in our patients, we

found lower total cholesterol and higher triglyceri-

des in patients with SCD than in the controls.

MacCallum et al. reported that PC activity and an-

tigens were strongly associated with serum lipids.

Total PS antigen concentrations were associated
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Table 2. Serum lipid levels in the patients with SCD in steady state

Cholesterol Triglycerid HDL-CHOL LDL-CHOL

(mg/dL) (mg/dL) (mg/dL) (mg/dL)

Control

n: 40 160.1 – 25.3 73.4 – 25.8 45.4 – 8.0 100.0 – 22.9

Patient

n: 18 121.5 – 44.5* 157 – 36.7* 39 – 4.2 82.5 – 40.3

*p< 0.001

Table 3. Protein C, protein S and at-III levels in the patients with SCD at the steady state and crisis

Natural inhibitors Steady state (n: 18) Crisis (n: 10) Control (n: 15)

Protein C (IU/mL) 0.46 – 0.12* 0.44 – 0.11* 0.92 – 0.3

Protein S (%) 49.4 – 16.6* 47.3 – 9.7* 70.6 – 19.3

AT-III (%) 117 – 31.9* 111 – 33.5* 130.8 – 20.7

*p< 0.001



with total cholesterol in healthy adults[8]. There

may be a relationship between decreased PC and

PS levels and low plasma levels of total choleste-

rol in patients with SCD. 

In conclusion, PC, PS and AT-IIII deficiency is

present in patients with SCD and may be due to

either decreased production or increased con-

sumption, but this deficiency does not seem to

play a role in the period of crisis. Abnormal lipid

patterns may be a predisposing condition for cri-

sis.
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