
J Clin Pathol 1983;36:693-696

Increased mean platelet volume in septicaemia
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SUMMARY An increased mean platelet volume (MPV), measured by the Coulter counter model S
plus, was found in 13 of 25 patients with proven septicaemia but in none of 25 patients with
localised bacterial infection and negative blood cultures. The increase in MPV was found both in
patients with normal and low platelet counts and was not related to a particular micro-organism.
Patients who responded favourably to antibiotic treatment all had normal MPVs after one week
of treatment. However, 9 of 11 patients with a prolonged course of their infection due to
endocarditis or abdominal abscesses had raised MPVs after seven days of treatment, and four
patients who died of infection in the first week all had increased MPVs on the day of their death.
An increased MPV in a patient with bacterial infection possibly indicates that the infection has
become invasive-that is, that septicaemia has occurred. A persistent rise or further increase
indicates that treatment is inadequate.

Until recently platelet size determination was too
elaborate to be used in routine daily practice. The
introduction of the new electronic cell counters,
such as the Coulter counter model S plus, however,
provides a mean platelet volume (MPV), compar-
able to the MCV of erythrocytes, on each whole
blood sample that is processed.1 2This makes it poss-
ible to study platelet size in a great variety of clinical
conditions.
MPV can be useful to differentiate between

thrombocytopenia of central and peripheral origin3
and to predict haemorrhagic diathesis in throm-
bocytopenic patients.4
The usefulness of MPV in patients with normal

platelet counts has not yet been established. We
report increases of MPV in patients with sep-
ticaemia both in low and in normal platelet count
range. Possible mechanisms and clinical relevance
are discussed.

Patients and methods

PATIENTS
We studied two different types of patients: group I
consisted of 25 patients from the medical and the
surgical department, who all had both the clinical
signs and symptoms of septicaemia and one or more
positive blood cultures. Patients with a haematologi-
cal disease and patients treated with cytostatic drugs
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were not included in the study. Diagnoses were:
cholecystitis and cholangitis in 6, peritonitis in 5,
endocarditis in 5, urosepsis in 4, penumonia in 2,
erysipelas in 2, and osteomyelitis in 1 patient.
Twelve patients had Gram-negative sepsis, 11
Gram-positive sepsis and two patients had com-
bined Gram-negative and -positive sepsis. Micro-
organisms cultured were: E coli in 11, B fragilis in 3,
S marcescens in 1, Ps aeruginosa in 1,H infiuenzae in
1, S aureus in 6 and streptococci in 7 patients.
Group II consisted also of 25 patients with

documented bacterial infections, but these patients
had no clinical signs of septicaemia and blood cul-
tures remained negative. Diagnoses in these patients
were: airway infection in 15, urinary tract infection
in 4, gastroenteritis in 4, and skin infections in two
patients.

BLOOD CULTURES
For culture 10 ml of blood, collected under sterile
conditions, was distributed in equal parts over two
bottles. One contained 95 ml of Columbia broth
with 0*05% Liquoid and was vented on arrival at the
laboratory for aerobic culture. The other one con-
tained 95 ml of Brewers thioglycollate with 0-05%
Liquoid for anaerobic culture and was not vented.
All bottles were subcultured aerobically and
anaerobically after seven days of incubation or ear-
lier if growth was suspected at inspection.

HAEMATOLOGICAL DETERMINATIONS
Blood for haematological analysis was collected in
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vacuum tubes containing liquid K3 EDTA as an

anticoagulant (Venoject, Terumo, Belgium). The
samples were analysed by the Coulter counter
model S plus (Coulter Electronics, Hialeah, Florida)
in our laboratory within six hours after collection.
Quality control and calibration of the Coulter
counter was performed according to the instructions
of the manufacturer. The normal value for the MPV
in our laboratory is 7-3 ± 1*4 fl (mean ± 2SD). The
mean intraindividual variation for the MPV, meas-

ured three times with monthly intervals in 10 normal
persons, was 04 fl (range 0 0-0-9 fl). Prothrombin
time and activated partial thromboplastin time, for
overall blood coagulation screening, were measured
according to standard procedures. The ethanol gela-
tion test, to detect circulating fibrin monomers as an

indirect measure of intravascular thrombin genera-

tion, was performed as described by Godal and
Abildgaard.5

Results

An increased MPV on the day the first blood culture
was positive, was found in 13 of the 25 patients with
septicaemia, both in patients with normal and in
those with low platelet counts (Fig. 1) Six patients
had a platelet count below 100 x 109/l. Mean plate-
let number in the group of patients with increased
MPV was lower and prothrombin time and partial
thromboplastin time were longer than in the group

with normal MPV (Table 1). However, the differ-
ence was not statistically significant. The 25 patients
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Fig. 1 MPVon the day ofthefirstpositive blood culture in
patients with septicaemia and MPV in patients with localised
bacterial infection.
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Table 1 Platelet count, prothrombin time and partial
thromboplastin time (mean ± SD) in 25 patients with
septicaemia on the day of the first positive blood culture.
Differences not significant (Wilcoxon rank test).

Normal MPV at MPV increased at
diagnosis (n = 12) diagnosis (n = 13)

Platelet count (xlO9/l) 231 ± 93 165 ± 108
Prothrombin time (s) 12-9 ± 0-7 13-8 ± 1-4
Partial thromboplastin

time (s) 48 ± 10 55 ± 10

with localised bacterial infections and negative
blood cultures all had MPV's within the normal
range (Fig. 1). They all had platelet counts above
100 x 109/l. A rise of the MPV in the patients with
sepsis was not related to particular micro-organisms.
MPV was raised in 6 of 11 patients with
Gram-positive sepsis, in 5 of 12 patients with Gram-
negative sepsis, and in both patients in whom
Gram-negative and -positive micro-organisms were

cultured. The ethanol gelation test, as an indicator
for disseminated intravascular coagulation, was

positive in one patient with sepsis and normal MPV
and in two patients with sepsis and increased MPV.
At light microscopic examination of Jenner-

Giemsa stained peripheral blood films, in patients
with increased MPV, swollen and partially degranu-
lated platelets were often seen.

Ten patients in the septicaemia group responded
quickly to antibiotic treatment. All of them had a

normal MPV after one week of treatment (Table 2).
Fifteen patients with sepsis had a prolonged course

of their infection with persistently high temperature
and in five of them repeatedly positive blood cul-
tures. This group includes the five patients with
endocarditis. eight patients with abdominal infec-
tions and abscesses (three of whom died in the first
week of treatment) and two patients with fulminant
pneumonia (one of whom died after four days).
Only two patients in this group had a normal MPV
after one week of treatment (Table 2). The four

Table 2 Platelet count and MPV (mean + SD) in patients
with septicaemia on the day ofthe first positive blood
culture and after seven days of treatment.

Good response to Prolonged course
antibiotic treatment of infection

MPV increased at diagnosis 4/10 9/15
MPV (fl) 81 ± 1-6 97 + 1-4
Platelet count (xlO9/l) 179 ± 92 205 ± 114
MPV increased after one
week of treatment or at
death 0/10 13/15*

MPV (fl) 7-4 ± 0-8 10-3 ± 1-9
Platelet count (xlO9/l) 256 ± 116 ' 160 ± 112

*Four patients died within the first week.
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Fig. 2 MPV and platelet count in apa5ientwith E coli
sepsis after retrograde IVP (see text).

patients who died in the first week all had an
increased MPV on the day of their death. In I10
patients MPVs were available from the days before
the onset of septicaemia. This was in the normal
range in all of them except one. This patient suffered
from a large inguinal haematoma, after cardiac
catheterisation, and developed erysipelas in the re-
gion of this haematoma and streptococci sepsis. On
the day the first blood culture was positive, MPV
was raised in four of these 10 patients.

It appeared that the MPV increase at the begin-
ning of illness may occur very rapidly. An illustrative
case is that of a man with a malfunctioning kidney
transplant. His urinary tract was chronically infected
with E coli. A retrograde IVP of the transplant kid-
ney was performed to exclude anatomical obstruc-
tion. A few hours later the patient developed chills,
high temperature and low blood pressure. E coli was
isolated from his blood. There was a direct increase
in MPV, followed by a drop in platelet count. The
transplant kidney was removed and MPV and
platelet count returned to normal (Fig. 2).

Discussion

Septicaemia frequently involves platelets and can
cause severe thrombocytopenia.n Platelet size in
bacterial infection thus far has received little atten-
tion. Nelson and Kehl3 reported an increased MPV,
measured by Coulter counter model S plus, in
patients with thrombocytopenia due to platelet loss
or consumption, including a small number of

patients with acute infection. Giles,7 also using a
Coulter counter model S plus, found in patients with
infection an increased MPV in only 3-6% of the
patients. However, he did not differentiate between
localised infection and septicaemia. The MPV in
patients with localised infection in our study was
normal in all, but about half of the patients with
septicaemia had increased MPV, not related to the
platelet count. Moreover, a further increase was
noticed if treatment was unsatisfactory, and a nor-
malisation in patients treated adequately. Thus an
increased MPV in a patient with bacterial infection
could suggest the possibility that the infection has
become invasive-that is, that septicaemia has
occurred. A persistent rise or a further increase
might indicate that treatment is inadequate.
Large platelets are thought by some8 to be young

platelets, recently released from the bone marrow,
which become smaller with age. However, others910
postulate that platelet size is not related to age, but
to the ploidy class of the megakaryocyte which pro-
duces the platelets. Increase of megakaryocyte
ploidy occurs in cases of enhanced throm-
bocytopoiesis. Therefore, it is possible that the rise
in MPV in septicaemia is caused by an increased
production of larger and/or younger platelets as a
reaction to septicaemia-related platelet destruction.
The raised MPV in patients with normal platelet
counts should then reflect a compensated throm-
bocytolytic state.'" However, the presence of an
increased MPV at diagnosis and the remarkable rise
of MPV, which can be found at the beginning of
septicaemia (Fig. 2), make that the production of
larger platelets cannot be the only cause for the
MPV increase in septicaemia. A sudden onset rather
suggests an external influence on the circulating
platelets.

In patients with acute bacterial infection increased
levels of B-thromboglobulin have been found, indi-
cating in vivo activation and release of platelets.'2
We therefore postulate that in vivo activation and
release can be the cause for the direct MPV increase
in septicaemia, presuming that activated and
released platelets, which are less dense, are also
larger. The finding in light microscopy of large
degranulated platelets in patients with septicaemia
and increased MPV could well fit in in this
hypothesis.
There are several possible causes for platelet acti-

vation and release in septicaemia. In vitro platelet
serotonin release has been demonstrated when
platelets were incubated with endotoxin'3 and
pneumococci.'4 Also activated complement'5 and
thrombin'6 can cause platelet release reaction. Both
complement activation and thrombinaemia can be
found in septicaemia.'7 18 Moreover, platelets acti-
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vated and released by thrombin can remain in the
circulation.16 In our study only three of the 25
patients with sepsis had unequivocally intravascular
thrombin generation, indicated by a positive ethanol
gelation test, one had a normal and two had an
increased MPV. However, patients with sepsis and
increased MPV had slightly, but statistically non-

significant, longer prothrombin and partial throm-
boplastin times than patients with sepsis and normal
MPV (Table 1). This might indicate a smaller degree
of intravascular thrombin formation in the patients
with increased MPV.

The authors acknowledge Dr PJGM Rietra for his
microbiological support and Nick van de IJssel for
his technical assistance.
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