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Pressure sores and blood and serum dysmetabolism in spinal cord injury

patients
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Study design: Spinal cord injury (SCI) patients with pressure sores were studied before and
after surgical intervention for ulcer healing and compared with matched SCI patients without
sores and with patients with pressure sores and other diseases.
Objective: To analyse the relationship between pressure sores and anaemia and serum protein
alteration in SCI patients. To study the pathogenesis of these alterations and suggest
appropriate therapy.
Setting: Spinal cord unit in Rome, Italy.
Subjects: A total of 13 SCI patients with pressure sores, 13 comparable patients without
pressure sores and four patients with other diseases and pressure sores.
Main measures: Haematochemical parameters.
Results: Patients with pressure sore showed significant decreased red cells, decreased
haemoglobin and haematocrit, increased white cells and ferritin and decreased transferrin
and transferrin saturation; total hypoproteinemia and hypoalbuminemia with increased Alfa-1
and gamma globulins increased erythrocyte sedimentation rate and C-reactive protein were also
present. The alterations returned to normal after surgical intervention for pressure sore healing.
Conclusions: Patients with pressure sores suffer from anaemia and serum protein alteration
that fells within the range of metabolic alteration of chronic disorders and neoplastic diseases.
The alterations depend on a decreased utilisation of iron stores in the reticuloendothelial system
and on inhibition of the hepatic synthesis of albumin. With regard to treatment, iron treatment
should be avoided because of the risk of haemochromatosis.
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Introduction

Pressure sores in spinal cord injury (SCI) patients are
often accompanied by anaemia and hypoalbuminemia.1

These complications worsen prognosis and increase
length of hospital stay.2 In a previous study, we
demonstrated that patients with pressure sores often
showed the coexistence of anaemia (with increased
ferritin values and reduced transferrin), serum protein
alteration (hypoalbuminemia with inverse albumin/
globulin ratio, increased level of globulins and total
hypoproteinemia) and inflammatory status (high ery-
throcyte sedimentation rate (ESR) and C-reactive
protein (CRP) and white cell counts). We suggested
that these alterations might be due to a chronic
inflammatory status produced by the pressure sores
and might be similar to chronic inflammatory diseases

(such as rheumatoid arthritis) and tumours. We also
demonstrated that all these alterations disappeared
30–60 days after spontaneous pressure sore healing.3

One criticism of our work was that SCI is a
multifaceted disease that implies several metabolic
changes, and that the alterations we found might not
be related to the presence of pressure sores.

To investigate our previous hypothesis, we decided to
evaluate several haematological parameters in a group
of SCI patients with pressure sores before and after
surgical intervention for sore healing, in a group of
patients with other diseases and pressure sores, and in a
group of SCI patients without pressure sores.

Patients and methods

A total of 13 consecutive SCI patients with pressure
sores (males/females 11/2, mean age 47.5712.4 years,
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mean distance from disease onset 4.274.1 months,
mean pressure sore duration 3.773.9 months) were
studied (group A). Ulcer severity was determined by the
National Pressure Ulcer Advisory Panel (NPUAP)
classification:4 all patients were diagnosed as having
phase IV ulcers. At the time of examination, the ulcers
were clean and did not show signs of severe infection.
The mean decubitus area was 18.673.5 cm2. Neoplastic
pathologies, chronic inflammatory and infectious dis-
eases, collagenopathies, pre-existing anaemias and
osteomyelitis were ruled out. Patients who received
blood transfusions before and/or after surgical inter-
vention were excluded. Patients underwent the following
laboratory examinations: electroproteinogram, ESR,
CRP, blood cell count with formula, serum iron,
transferrinemia with per cent saturation and ferritine-
mia. The same examinations were repeated 15–20 days
after surgical intervention.

Severity of anaemia was determined according to Lee
et al’s5 classification: mild anaemia (haemoglobin 9–
11 g/dl), moderate anaemia (haemoglobin 7–8 g/dl),
severe anaemia (haemoglobin o7 g/dl).

A small group of patients with other diseases (two
multiple sclerosis, two stroke; males/females 2/2; mean
age 53.376.4 years; mean disease duration 34.173.8
months; mean pressure sore duration 3.672.1 months;
mean pressure sore area 19.174.5 cm2) was also
examined (group B).

A control group of 13 SCI patients (matched one to
one for age, sex distribution, distance from lesion and
clinical features) without pressure sores was also
examined (group C).

Statistical analysis was carried out by means of
Student’s t-test for dependent samples to examine the
differences within group A patients and Student’s t-test
for independent samples to examine the differences
between group A and group B and C patients.
Decubitus ulcer area was correlated with degree of

anaemia and serum protein alteration by means of
Spearman’s rank correlation coefficient (r). Differences
were taken as significant if Po0.05.

Results

Dysmetabolic features
Compared to the control group, the patients with
pressure sores showed anaemia with reduced serum
iron, increased ferritin and reduced transferrin and
transferrin saturation (Table 1).

They also had increased ESR and CRP, total
hypoproteinemia, hypoalbuminemia, increased alfa-1
and gamma globulins and reduced albumin/globulin
ratio (Table 1). No statistically significant correlation
was found between serum protein alteration and
decubitus ulcer areas (r¼ 0.087).

All these metabolic alterations normalised soon after
surgical intervention for pressure sore healing (Table 2).

Comparison with other groups
No significant difference emerged from the comparison
between the two groups of patients with pressure sores;
on the contrary, SCI patients without pressure sores
showed a normal metabolic picture (Table 1).

Comparison before and after surgical intervention
When the data of pressure sore patients was compared
after surgical intervention for pressure sore healing,
rapid normalisation of all parameters was observed.

Discussion and conclusion

The results of the present study confirm our previous
data and hypothesis.3 Patients with pressure sores show

Table 1 Pressure sore patients versus control group

Patients with pressure sores Control group P

Red cells/mm3 3 673 0007671 000 4 478 0007794 000 0.02
Haemoglobin (g/dl) 10.672.11 12.972.5 0.008
Haematocrit (%) 32.275.6 3770.8 0.04
Mean corpuscolar volume (mm3) 85.976.3 91.874.8 0.02
White cells/mm3 863072570 682071750 0.03
Serum iron (m/dl) 46.677.6 76.475.8 o0.001
Ferritin (m/dl) 291.7718.4 192.1720.4 o0.001
Transferrin (m/dl) 152.8715.5 207.979.1 o0.001
Transferrin saturation (%) 24.971.4 2972.1 o0.001
Total proteins (g/dl) 5.971.54 6.970.75 o0.001
Albumin (g/dl) 2.770.3 3.170.6 0.04
Alfa-1 globulins (g/dl) 0.470.07 0.2770.1 0.002
Alfa-2 globulins (g/dl) 0.770.15 0.770.2 0.9
Beta globulins (g/dl) 0.7770.08 0.8170.08 0.2
Gamma globulins (g/dl) 1.6270.45 1.270.4 0.004
Albumin/globulin 0.870.3 170.3 0.03
ESR (mm/h) 87.1720.5 17.6720.3 o0.001
C-reactive protein (mg/l) 3.771.7 0.670.3 o0.001
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mild to moderate anaemia and specific serum protein
alterations. More importantly, our work demonstrates
that these metabolic alterations are closly related to the
presence of sores and are not specific for SCI. Further,
the same alterations were shared by SCI and non-SCI
patients with pressure sores, but a comparable control
group of patients without pressure sores did not show
the same modifications. The disappearance of both
anaemia and protein alterations soon after surgical
healing of sores also supports our hypothesis.

With regard to aetiology, these alterations have the
typical features of those resulting from chronic inflam-
matory disorders: hyporegenerative, normocytic, nor-
mochromic anaemia associated with reduced serum
iron, reduced transferrin and transferrin saturation,
but elevated ferritin;6 total hypoproteinemia with
hypoalbuminemia, inverse albumin\globulin ratio, in-
creased level of globulins; higher ESR and CRP and
white cell counts.7 Chronic inflammatory status inhibits
the use of iron stored in the reticuloendothetial system
(RES)8,9 and the hepatic synthesis of albumin.10–13 The
characteristics of anaemia and serum protein alteration,
the coexistence of inflammatory status indexes, and the
lack of correlation between metabolic alterations and
pressure sore area do not permit us to attribute anaemia
to a loss of plasma and blood from the sore or to protein
hypercatabolism. If protein alterations are due to a loss
of plasma from the decubitus or to accelerated protein
catabolism, a decrease in all protein fractions should be
expected. Finally, the anaemia of patients with pressure
sores should be differentiated from iron-deficiency
anaemia, which is characterised by reduced ferritin
values and increased total transferrin.14

The aetiology is particularly important for choosing
the correct treatment.

In our previous study,3 we suggested that anaemia
and serum protein alteration tend to disappear with
pressure sore healing. This hypothesis was criticised

because of the long time needed for spontaneous
healing; during this time other metabolic changes could
take place that could explain our data. The present work
demonstrates the close relationship between surgical
healing of sores and metabolic improvement. Further-
more, it is our experience that both anaemia and serum
protein alteration tend to decrease when the sores pass
from the necrosis phase to the granulation phase and
with the eradication of superimposed infections.

Serum protein alterations and anaemia rarely become
so severe as to require blood or plasma transfusion. In
our previous study, only five out of 40 patients required
albumin administration because the hypoproteinemia
caused diffused oedemas.3

With regard to anaemia therapy, patients with
pressure sores are often treated with iron therapy;1,15

since the anaemia of these patients is due to difficulty in
using iron stores, iron treatment is useless, and might
even be potentially dangerous because of the possibility
of iatrogenic hemochromatosis.16 Recently, it has been
demonstrated that the administration of erythropoiesis-
stimulating proteins (erythropoietin and darbepoetin)
may be effective in the treatment of this type of
anaemia.17,18

With regard to serum protein alteration treatment,
some authors suggest administering albumin to patients
to compensate for protein loss and help heal ulcers. Our
data suggest that this form of treatment should be
avoided. In fact, the main cause of hypoalbuminemia is
not protein loss from the ulcer but reduced hepatic
synthesis secondary to the chronic inflammatory state;
furthermore, the efficacy of albumin administration to
accelerate wound healing is debatable.19 The adminis-
tration of albumin to treat dietary deficiencies is not
advisable because of the lack of essential amino acids.20

Finally, we would like to underline the importance of
surgery for improving SCI patients’ rehabilitation.
Although a period of partial rest from rehabilitation

Table 2 Pressure sore patients before versus after intervention

Before intervention After intervention P

Red cells/mm3 3 673 0007671 000 4 430 0007810 000 o0.001
Haemoglobin (g/dl) 10.672.11 12.771.4 0.0017
Haematocrit (%) 32.275.6 36.674.8 0.003
Mean corpuscolar volume (mm3) 86.873 90.972.2 0.01
White cells/mm3 863072570 69107710 0.024
Serum iron (m/dl) 47.675.7 74.376.9 o0.001
Ferritin (m/dl) 288.4712.3 187.2711.6 o0.001
Transferrin (m/dl) 152.878.5 201.477.9 o0.001
Transferrin saturation (%) 23.771.4 28.470.9 o0.001
Total proteins (g/dl) 5.971.54 6.971.46 o0.001
Albumin (g/dl) 2.770.3 3.270.5 0.02
Alfa-1 globulins (g/dl) 0.470.07 0.370.1 0.02
Alfa-2 globulins (g/dl) 0.770.15 0.6770.2 0.47
Beta globulins (g/dl) 0.7770.08 0.870.09 0.3
Gamma globulins (g/dl) 1.6270.45 1.170.4 0.01
Albumin/globulin 0.870.3 170.3 0.01
ESR (mm/h) 87.1720.5 28.4714.2 o0.001
C-reactive protein (mg/l) 3.771.7 0.870.35 o0.001
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treatment is needed after surgery, early surgical healing
of the sores allows patients to undergo further
treatments (for example water therapy) and reduces
their physical stress.
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