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P
rotein S is an important vi-
tamin K-dependent plasma
protein involved in the 
regulation of the coagula-

tion cascade.1 Protein S deficiency
is reported to be associated with
myocardial infarction, ischemic
stroke, and severe thromboembolic
disease.2–6 Here, we report a case of
acute splenic infarction associated
with protein S deficiency.

INITIAL EXAM
A 55-year-old, white man was ad-
mitted to the hospital with severe,
generalized, abdominal pain of two
days’ duration. He had mild nausea
but no vomiting. By the time he
was seen by the physician, his pain
was localized to the left upper
quadrant of his abdomen. He had
no constipation or diarrhea. His

past medical history and family his-
tory were unremarkable.

Upon physical examination, his
temperature was 99° F and he
demonstrated mild tenderness in
the left upper quadrant of his ab-
domen. An initial workup revealed
an elevated leukocyte count of 15.4
x 103/µL (normal, 5 to 10 x 103/µL)
with 84% neutrophils (normal, 54%
to 75%), 8.1% lymphocytes (normal,
25% to 40%), and 6.5% monocytes
(normal, 2% to 8%). Mean corpus-
cular volume was elevated at 100
fL (normal, 84 to 96 fL) and platelet
count was normal. C-reactive pro-
tein and sedimentation rate were
normal. Other blood chemistry
studies were normal or nearly nor-
mal (Table 1).

A chest X-ray showed a small,
left side pleural effusion and linear,
patchy densities involving both
lower lung fields, consistent with
pneumonitis. A computed tomogra-
phy (CT) scan of his abdomen using

a contrast medium demonstrated
marked, low attenuation involving
approximately half of the spleen,
which was consistent with a large
splenic infarction (Figure). Both the
splenic vein and the splenic artery
appeared to be patent. The small
bowel, colon, and rectum were
slightly dilated—a finding consis-
tent with adynamic ileus.

The initial diagnosis was bilateral
community-acquired pneumonia
and splenic infarction. It wasn’t pos-
sible to obtain a sputum specimen
because the patient had no cough.
He began empiric treatment with
broad spectrum intravenous antibi-
otics and subcutaneous low molec-
ular weight heparin.

Hematologic evaluation to eluci-
date the etiology of splenic infarc-
tion revealed that the patient had an
elevated homocysteine level and de-
creased levels of protein S, vitamin
B12, and folate (Table 2). Antithrom-
bin III, anticardiolipin antibodies,

CASE IN POINT

SPLENIC INFARCTION ASSOCIATED
WITH PROTEIN S DEFICIENCY

Ejaz Nemat, MD, and Farooq Ahmed, MD

Protein S deficiency, which has a well documented association with 
venous thrombosis, also has been linked to arterial thrombosis and, 

in this case, was at the root of splenic infarction.

Drs. Nemat and Ahmed are physicians in the 
department of internal medicine at the West Palm
Beach VA Medical Center, West Palm Beach, FL.

Continued on page 19



Continued on next page

CASE IN POINT

Continued from page 16

SEPTEMBER 2003 • FEDERAL PRACTITIONER • 19

and factor II procoagulant levels
were normal. Assays for antinuclear
antibodies, rheumatoid factor, and
factor V Leiden were negative. 

HOSPITAL COURSE
Shortly after admission, oral anti-
coagulation therapy, intramuscular
vitamin B12, and folic acid supple-
mentation were added to his med-
ication regimen. A repeat chest
X-ray taken two days later showed
resolving pneumonia. By that time,
the patient’s condition had im-
proved significantly and he’d had
no recurrence of abdominal pain. A
bone marrow biopsy performed on
hospital day four was normal. 

The patient was discharged after
a six-day hospital stay. He was
asymptomatic at follow-up two and
four weeks after discharge.

ABOUT THE CONDITION
Protein S is part of a system that
regulates normal coagulation
mechanisms in the body. It is a co-
factor for the protein C system but
also has independent coagulation
functions.7 In the presence of fac-
tor V, it acts as a cofactor to protein
C in the proteolysis of factor VIII,
thereby reducing thrombin forma-
tion. In addition, it inhibits proco-
agulant enzyme complexes, the
significance of which is unknown.7

Deficiency of protein S usually is
inherited as an autosomal domi-
nant trait, but an acquired form 
(associated with the use of oral
contraceptives, pregnancy, dissemi-
nated intravascular coagulation,
nephrotic syndrome, and recovery
from chicken pox) has been re-
ported as well.5,8–11 In human
plasma, protein S may be found in
two forms: circulating freely (40%
to 50%) and bound with comple-
ment component C4b-binding pro-
tein (50% to 60%).12

Test Value Normal range

Sodium 132 mEq/L 135–145 mEq/L

Potassium 4.2 mEq/L 3.5–5.0 mEq/L

Chloride 105 mEq/L 101–112 mEq/L

Carbon dioxide 27 mEq/L 22–32 mEq/L

Creatinine 0.8 mg/dL 0.6–1.2 mg/dL

Prothrombin time 13 seconds 11–15 seconds  

Activated partial 
thromboplastin time  30 seconds 25–35 seconds  

Glucose 85 mg/dL 60–110 mg/dL

Alanine aminotransferase 20 units/L 7–56 units/L

Amylase 34 units/L 20–110 units/L

Total protein 7.2 g/dL 6.0–8.0 g/dL

Albumin 4.1 g/dL 3.4–4.7 g/dL

Table 1. The patient’s blood chemistry results upon 
admission

Figure. Computed tomography scan of the abdomen showing marked, low attenuation
changes involving approximately half of the spleen, consistent with large splenic infarc-
tion.
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There are three types of protein
S deficiency. In type I, total S anti-
gen is decreased by about 50%,
with even more severe deficiencies
of free protein S antigen and pro-
tein S functional activity. This type
is associated primarily with mis-
sense mutations and microinser-
tions or deletions of base pairs.12,13

In type II, which is relatively rare,
protein S functional activity is re-
duced, while total and free protein
S levels are normal.14,15 Type III
protein S deficiency is character-
ized by a low level of free protein

S, reduced protein S functional ac-
tivity, and a normal level of total
protein S.16

Patients with protein S defi-
ciency are at elevated risk for ve-
nous thrombosis.17 One study
found that, among members of the
same family, the risk of developing
venous thrombosis was 50% for
those with protein S deficiency and
30% for those without.18 Relative
risk for an initial episode of deep
venous thrombosis varies with the
patient’s specific hypercoagulabil-
ity risk factors (Table 3). Cases of

atypical thrombosis in cerebral,
mesenteric, and axillary veins also
have been described in medical 
literature.19

The incidence of arterial throm-
bosis associated with protein S de-
ficiency is less well documented
than that of venous thrombosis. It
consists primarily of case reports
showing an association between
this condition and cerebral infarc-
tion, myocardial infarction, and
retinal artery obstruction.2–5,20

Larger studies have not established
a relationship between protein S
deficiency and arterial thrombo-
sis.21,22

Splenic infarction is a rarely
seen clinical entity. It may be symp-
tomatic or asymptomatic and can
occur with either arterial or venous
compromise. It usually presents in
association with hematologic,
thromboembolic disorders and
rarely with vasculitis.23,24 The most
common causes of splenic infarc-
tion include myelofibrosis and
chronic myelogenous leukemia.
Other causes include blunt trauma,
thromboembolism secondary to
atrial fibrillation, and septic emboli
due to endocarditis. It also is seen
in sickle-cell disease, Kawasaki dis-
ease, and systemic lupus erythe-
matosus complicated by the
presence of lupus anticoagulant
and anticardiolipin antibodies.23

In our patient, splenic infarction
was associated with functional 
protein S deficiency coexisting with
elevated homocysteine and low vita-
min B12 and folate levels. A literature
review using Medline revealed no
similar reported case.

The functional protein S assay
used for this patient detects both
quantitative and qualitative defi-
ciency of protein S. Symptomatic
patients with protein S deficiency
usually present before the age of 40.

Relative risk of initial
Risk factor for hypercoagulability  thrombotic episode  

None known (normal coagulation profile)  1  

Use of oral contraceptives 4  

Factor V Leiden (heterozygous) 7  

Factor V Leiden (homozygous) 80  

Protein C deficiency (heterozygous)  7  

Protein S deficiency (heterozygous)  6  

Hyperhomocysteinemia 2–4  

Table 3. Relative risk of developing deep venous thrombosis
associated with various risk factors for hypercoagulability

Test Result Reference range

Antithrombin III 95% 94%–132%

Protein C (functional) 134% 80%–166%

Protein S (functional)* 43% 82%–177%

Homocysteine 15.3 µmol/L 4.0–12.0 µmol/L

Factor V Leiden Negative Negative

Factor II procoagulant 98% 79%–150% 

Anticardiolipin antibodies
Immunoglobulin G Negative Negative
Immunoglobulin M Negative Negative

*Using the photo-optical clot detection method (ARUP Laboratories, Salt Lake City, UT).

Table 2. Results of the patient’s coagulation studies 
upon admission



gap between VA and private sector
total compensation can reach 35%
or more. 

In order to rectify the situation
for both physicians and dentists, VA
Secretary Anthony J. Principi pro-
posed to Congress a new pay sys-
tem that uses a three-tiered
structure to help the VA keep up
with competitive private sector mar-

kets. Base pay, the first tier, would
cover all physicians and dentists re-
gardless of grade. The second tier,
market pay, would be adjusted to
geographic area, specialty, assign-
ment, personal qualifications, and
experience. This tier also allows the
VA to monitor outside salaries to
maintain competitive pay. The last
tier would correlate directly with

performance and be based on spe-
cific achievements in quality, pro-
ductivity, and support of VA goals. 

Nurse executives haven’t been
overlooked: The special pay au-
thorized by Prinicipi’s proposal for
these professionals could boost
their annual salaries, which cur-
rently are capped at $125,000, by
$10,000 to $25,000. ●
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Protein S deficiency is managed
with long-term anticoagulation
therapy aimed at keeping the thera-
peutic international normalized
ratio between 2 and 3. Generally,
the decision to anticoagulate is in-
fluenced by the risks of recurrent
thromboembolism and of major
bleeding. ●
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