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Abstract: The neurosurgical operations used to treat various
intracranial pathologies may affect the immune system in
different ways. The main goal of this study was to
determine whether the surgeries for intracranial aneurysm,
meningioma and glial tumor cause immunodepression.
In each of these three surgical patient groups, we measured
monocytic human leukocyte antigen-DR expression and
the plasma levels of inflammatory cytokines (tumor
necrosis factor-a, interleukin-la, interleukin-6 and
interleukin-8) in the preinflammatory response, and
assessed whether these parameters could be used to predict
postoperative infection. We also compared the different
groups’ length of stay in the intensive care unit, and the
duration of surgery for each group, to determine whether
these factors influence infectious outcome. Thirty adult
patients were divided into three equal groups, according
to whether they underwent craniotomy in the treatment
of an aneurysm, meningioma or glial tumor. We measured
human leukocyte antigen-DR expression and levels of
tumor necrosis factor-a, interleukin-1a, interleukin-6 and
interleukin-8 at four different time points, namely, the start
of surgery (stage 1), 1 hour into the operation (stage II), 3
hours after surgery (stage III) and on postoperative day 3
(stage IV). There were no significant differences among
the three groups, or between the infected and noninfected
patients, with regard to age or the levels of human
leukocyte antigen-DR expression, tumor necrosis factor-
o, interleukin-1a, interleukin-6, or interleukin-8 at any of
the four stages (p > 0.05 for all comparisons; Mann-
Whitney U test). However, length of stay in intensive care
and duration of surgery were both longer in the

Ozet: Farkli intrakranial patolojiler igin yapilan
norosiriirji operasyonlarn immiin sistemi degisik olarak
etkileyebilir. Bu nedenle, amacimiz intrakranial
anevrizma, menenjiom ve glial timor cerrahisinin
immiundepresyona neden olup olmadigini; monositik
human lokosit antijen-DR ekspresyonu ve plasma
enflamatuar sitokin diizeylerinin (timor nekroz
faktor-o, interlokin-1c, interlokin-6, interlokin-8)
postoperatif infeksiyonlarin prognostik gostergesi
olup olamayacagini; yogun bakimda uzun stre
kalmanin ve uzun operasyon siirelerinin postop
infeksiyonlardaki roliinti saptamaktir. Bu ¢aligma
anevrizma, menenjiom ve glial timor gruplarina ayrilan
selektif kraniotomiye ugrayan 30 hastay1 kapsamaktadir.
Human lokosit antijen-DR, timor nekroz faktor-o,
interlokin-1-o, interlokin-6 ve interlokin-8 sonuglarinin
degerlendirmesinde; her bir grubun dénemleri
arasinda {operasyonun baslangicinda (1. donem),
baslangigdan 1 saat sonra (2. donem), postop 3. saat (3.
donem) ve postop 3. giin (4. donem)}, tig grubun aym
donemleri arasinda, ayrica postop enfeksiyonlu ve
enfeksiyonsuz iki grup arasinda onemli bir fark
bulunmadi (P > 0.05; Mann-Whitney U). Bununla
beraber yogun bakim tnitesinde kahs stiresi ve ameliyat
siiresi infeksiyonlu hastalarda daha uzundu (P < 0.05).
Sonug olarak: intrakranial anevrizma, menenjiom
ve glial timoér cerrahisinin immiindepresif
etkileri ~ yoktur; monositik human l&kosit
antijen-DR ekspresyonu, plasma timoér nekroz
faktor-o, interlokin-1-o, interlokin-6 ve interlékin-8
diizeyleri postoperatif infeksiyonlarin prognostik
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individuals who developed infection (p < 0.05). The study
results suggest that surgeries for intracranial aneurysm,
meningioma and glial tumor do not cause
immunodepression. Also, monocytic human leukocyte
antigen-DR expression and plasma tumor necrosis
factor-a, interleukin-la, interleukin-6 and interleukin-8
levels representative of the preinflammatory response are
not good predictors of postoperative infection. Prolonged
stay in intensive care and longer duration of surgery are
associated with the development of postoperative
infection.

Key Words: Human leukocyte antigen-DR,
immunodepression, interleukin-le, interleukin-6,
interleukin-8, tumor necrosis factor-o
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gostergesi degildir; yogun bakimda uzun siire
kalmanin ve uzun siiren intrakranial ameliyatlari
postoperatif enfeksiyonlarin gelismesinde 6nemli
rolii vardir.

Anahtar Soézciikler: Human lokosit antijen-DR,
immiindepresyon, interlokin-1-, interlokin-6, interlokin-
8, timor nekroz faktor-o

INTRODUCTION

Postoperative infections continue to be a major
problem in patients who undergo neurosurgery.
Surgical trauma is generally considered to play an
important role in altering the immune response.
Changes in all parts of the immune response may
depend heavily on the patient’s specific intracranial
pathology, and on other factors such as the amount
of dissection required, the length of the operation,
patient age, systemic illness, preoperative medication
and blood transfusions received. The significant risk
of infection after neurosurgery may be linked to
disturbance of the immune response. Clearly, it
would be very valuable to be able to identify patients
who are immunodepressed after neurosurgery before
any infection develops.

Patients who have suffered multiple trauma
appear to go through a systemic hyperinflammatory
phase, followed by monocyte deactivation. This
deactivation is characterized by a decrease in
monocytic human leukocyte antigen-DR (HLA-DR)
expression and a shift toward secretion of
antiinflammatory cytokines (12). These changes
indicate severe immunodepression, and such
patients are at high risk for developing infection
(12,30).

Sterile neurosurgery is an interesting model for
analyzing how particular types of sterile central
nervous system (CNS) trauma affect immune
competence (3). The specific immunologic changes
that occur after neurosurgery may offer insight into
how operating on the CNS affects a patient’s immune
system postoperatively. Further, it is possible that
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the surgical procedures used to treat intracranial
pathologies impact the immune system in different
ways. Our main aim in this study was to determine
whether the different surgeries for intracranial
aneurysm, meningioma and glial tumor cause
immunodepression. We also sought to determine
whether decreased monocytic HLA-DR expression
and increased plasma levels of inflammatory
cytokines (tumor necrosis factor-a [TNF-a],
interleukin [IL]-1, IL-6, and IL-8 values), termed the
preinflammatory response, predict postoperative
infection. Finally, we examined whether a prolonged
stay in the intensive care unit (ICU) and longer
duration of surgery play roles in the development of
infectious complications after these procedures.

MATERIALS AND METHODS

We studied 30 adult patients who underwent
selective craniotomy, dividing them into three groups
based on the type of CNS pathology that required
surgery. Group I included 10 patients with
intracranial aneurysms, Group Il was made up of 10
patients with meningiomas, and Group III was
comprised of 10 patients with glial tumors. We
measured monocytic HLA-DR expression and
plasma TNF-a, IL-1-a, IL-6 and IL-8 at designated
time points, namely, the start of surgery (stage 1), 1
hour into the operation (stage II), 3 hours postsurgery
(stage II) and on postoperative day 3 (stage IV). None
of the patients had any immunologic pathology or
infection preoperatively.

We tried to avoid factors that might confound
our immune response results. To this end, we limited
the type of surgery studied to craniotomy, and only
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included patients who had received the same
numbers of blood transfusions and the same types
and dosages of drugs. In the postoperative period,
all patients received intravenous (i.v.) doses of
cephtriaxone (1 g/day) and amikacin (500 mg/day)
for the first 5 days, and i.v. dexamethasone (8 mg
four times daily) for the first 3 days. For anesthesia,
all patients were premedicated with midazolam (0.6
mg/kgi.v.). Anesthetic induction was achieved with
an i.v. injection of fentanyl citrate (1.5 pg/kg) and 1%
propofol (2.5-3 mg/kg). After intubation, anesthesia
was maintained with total intravenous anesthesia
using an infusion of 4-5 mg/kg/min propofol and 3
pg/kg/min fentanyl citrate. Each patient received a
one-unit transfusion of whole blood.

Each individual was followed for 10 days
postoperatively. Patients were considered to have an
infectious complication if there was clinical evidence
of a systemic response to infection. This was defined
as the presence of two or more of the following signs
in addition to clinical evidence of a site of infection:
peripheral white blood cell count of <2 x 107 cells/L
or>15x10° cells/L; temperature of > 38 °C; elevated
and rising C-reactive protein concentration; and
isolation of pathogenic microorganisms from blood,
urine or cerebrospinal fluid.

We determined the percentage of monocytic
HLA-DR expression in blood samples using a flow
cytometry apparatus (Epics XL-MCL Coulter) and
I2-FITC monoclonal antibodies (Coulter, lot #
707801). The method was as follows: One-milliliter
samples of venous blood from each patient were
added to tubes containing the anticoagulant EDTA.
A100 ml aliquot of each sample was then transferred
to a 12C75 mm tube, and 10 ml of fluorescence-
labeled monoclonal antibody (I2-FITC-lot # 707802
Coulter) was added. The mixture was incubated at
room temperature for 10 minutes. Next, the tubes
were placed in a Q-prep apparatus (Coulter-USA-
6704203), and the following solutions were added,
in order: 600 ml Immunoprep A (1.2 ml/L formate)
to lyse the blood cells, 265 ml of Immunoprep B (6
g/L sodium carbonate, 14.5 g/L sodium chloride,
31.3 g/L sodium sulphate) to stabilize the leukocytes,
and 100 ml of Immunoprep C (10 g/L formaldehyde,
14 ml/L buffer) to stabilize the membranes. Once all
the solutions were added, the tubes were incubated
in the dark for 20 minutes at room temperature. Then
they were placed in the flow cytometry apparatus
(XL-Coulter- USA) for determination of percentage
HLA-DR present.
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The level of plasma TNF-a was determined
using a TNF-a kit (CytElisa TM), the IL-1-a level was
determined with an IL-1-a kit (CytElisa TM), IL-6
with an IL-6 kit (CytElisa TM), and IL-8 with a
Human IL-8 kit (ACCUCYTE TM). Each of these tests
involved the microELISA method. All the kit test
results were expressed in pg/ml, as determined using
a Denley-We-Scan apparatus.

For statistical analysis, we used SPSS software
to perform the Mann-Whitney U and Wilcoxon tests,
with p<0.05 considered to indicate significance.

RESULTS

Of the 30 patients who underwent selective,
sterile CNS surgery, 5 developed infectious
complications in the first postoperative week. Two
patients (one aneurysm patient and one with a glial
tumor) developed wound infection, two others (one
glial tumor patient and one with meningioma)
developed urinary tract infection, and one of the
meningioma patients developed pneumonia.

The patients who developed infectious
complications had significantly longer ICU stays and
surgery times (p < 0.05; Mann-Whitney U test) (Table
1) than the other 25 patients; however, infected and
noninfected patients were similar regarding gender
distribution, level of HLA-DR expression, and
plasma levels of TNF-a, IL-1-a, IL-6 and IL-8 (p >
0.05) (Tables 1 and 2). There were no significant
differences among the aneurysm, meningioma and
glial tumor surgery groups in terms of age or duration
of surgery (p > 0.05) (Table 3).

When the percentage HLA-DR antigen
expression was compared within and among the

Table I: The clinical profiles of the 30 patients who
underwent surgery.

Patients with | Patients with
infectious no infectious
complications | complications
No. of patients 5" 25
Age (years)* 46.4+16.5 42.4+12.3
Gender (M/F) 2/3 11 /14
Duration of surgery
(hours)* 6.3+2.4 3.541.2
Days in intensive care* 8+2.3 3+1.1

#Wound infection (n:2), urinary tract infection (n:2),

pneumonia (n:1).

*Values are listed as mean * standard deviation.

23



Turkish Neurosurgery 10: 21 - 2

, 2000

Table II: A comparison of cytokine levels and
HLA-DR expression levels in infected
versus noninfected patients. (Values are
listed as mean =+ standard deviation)

Patients with Patients with no
Parameter Stage |infectious infectious
complications (%) | complications (%)

HLA-DR I [40.3+16.2 43.4+18.7
HLA-DR I |38.3+14.2 41.9411.5
HLA-DR 1T ] 41.7430.3 44.3+17.9
HLA-DR IV 149.6+15.8 58.4+13.4
TNF-a I |60.2+15.8 56.2+14.4
TNF- a I |58.3+15.3 52.0+14.7
TNF-a Il |63.5+16.8 57.3+19.4
TNF-a IV |59.2417.5 48.5+13.8
IL-1a I ]56.3+24.7 44.3420.6
IL-1a I |31.68224 19.1+16.4
IL-1a I |37.1+224 28.0+25.7
IL-1a IV |445+24.2 33.4425.3
IL-6 I |65.5+40.2 59.4432.3
IL-6 I |59.0+43.2 40.5431.6
IL-6 Il |80.8+36.4 4294412
IL-6 IV |72.6+35.1 58.4+21.9
IL-8 I |84+13 8.1+2.2

1L-8 I [10.843.6 10+4.1

IL-8 Il [8.9+1.2 8.5+1.8

IL-8 IV [10.143.2 9.4+2.8

Table III: Patient age and duration of surgery for
the three different surgical groups.

Group ! | GrouplIl | Grouplll
40+19.5 43.7£11.2 |50.3+15.6
Age* (years)
Duration of 3.841.2 4.7+2.3 3.9+1.1
surgery* (hours)

*Values are listed as mean + standard deviation.

three surgical groups at the four different time points
studied, each group showed a trend toward elevation
atstage IV; however, these higher levels did not differ
statistically from the levels at the other stages in each
group (p > 0.05). In each group, we found no
significant differences in HLA-DR expression among
the four stages, nor did we find differences among
the groups at any given stage (p > 0.05).

Regarding our assessment of the patients’
preinflammatory responses, we noted trends toward
elevation in TNF-a in the meningioma patients at
stage III, in IL-1a in the aneurysm group at stage IV,
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in IL-6 in the meningioma group at stage IV, and in
IL-8 inall groups at stage IV. However, none of these
proved to be statistically significant increases above
the levels of each parameter at any other stage, or in
any other group (p > 0.05). Overall, there were no
significant differences in the levels of TNF-a, IL-1a,
IL-6, and IL-8 within and among the three surgical
groups at the four different time points studied (p >
0.05) (Table 4).

TableIV: A comparison of cytokine levels and
HLA-DR expression levels at the different
stages in the three surgical groups. (Values
are listed as mean + standard deviation)

Parameter Group 1 Group Il Group III
Stage (%) (%) (%)
HLA-DR 1 14324163 [41.3+17.2 |39.3+18.9
HLA-DR 11 ]41.8416.1 [41+17.5 37.9+12.9
HLA-DR  1II |43.4209 [41.1+23. 43.3+17.9
HLA-DR IV |585+11.4 [48.7+11.5 [45.2+16.2
TNF-a I [59.6£17.7 |58.3+12.2 |55.8+17.9
TNF-a II |54+145 65.6+18.7 |55.6+17.9
TNF-a Il |54.7415.2 |56.9419 64.7424.3
TNF-a IV |575+16.6 |64.3+14.5 [50.1+12.7
IL-1a I ]39.6429.9 [31.94251 [54.1450.4
IL-la I 29+283 24+19.5 20.1+17.7
IL-1a I [35.44252 |29.3+21.1 31.2424.4
IL-1a IV 143.9437.6 |26420 35.1+29.7
IL-6 I |60.1450.8 [105.7+79.2 | 61.7+38.6
IL-6 II |584451.6 |68.7+53.1 41.8437.8
IL-6 Il (4354354 |9224645 |95.3+46.6
IL-6 IV 14554383 |64.2455.8 |69.3+25.1
IL-8 I |8.243.7 8.3+2.5 8.0+£2.3
IL-8 I [9.843.5 10.7+4.1 10.143
IL-8 Il |8.7+1.5 8.842.5 6.6x1.7
IL-8 IV 1043.6 9.5+3.4 942
DISCUSSION

The probability that a patient will develop
infection after craniotomy is reportedly 9%, and
studies have suggested that this significant risk is
related to alterations in the immune response (8,26).
Postoperative immunological changes are known to
depend largely on the patient’s primary pathology
and on the surgical procedure involved
(5,11,13,14,23,29). Many clinical and experimental
studies have documented immunological shifts after
trauma or hemorrhage. Anesthesia, the patient’s
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neuroendocrine response, blood or plasma
transfusion, and the type of operation are all factors
that have been proven to impair immunologic
responsiveness (3,9,11,20,23,27,29).

Studies that have investigated immune
response during surgery have demonstrated that
minor surgery causes no detectable change in
immunity, but that major surgical trauma alters the
immune balance (22,23,27). HLA-DR expression is
considered a meaningful parameter in the evaluation
of immune response because it plays an important
role in antigen presentation to T-lymphocytes, a key
element of cellular immunity (29). It has been
suggested that local intracranial inflammation affects
the systemic inflammatory response by activating the
hypothalamic-pituitary-adrenal axis and producing
immunodepression, which is reflected by low HLA-
DR levels (3,6,7,12,15,19).

Inflammation is the general human response
to trauma. The clinical picture of this response is
variable, and is influenced by several factors. In
patients who are exposed to major trauma, the initial
systemic inflammatory response appears to be
followed by monocyte deactivation. As mentioned
above, HLA-DR is important in the development of
the antigen-specific T-cell response, and monocyte
deactivation is characterized by decreased monocytic
HLA-DR expression (measured as the percentage of
positive cells or as the mean fluorescence intensity,
an indicator of the average number of monocytic
HLA-DR antigen complexes per cell). Another
feature of monocyte deactivation is an observed shift
toward the secretion of antiinflammatory cytokines,
including IL-1 receptor antagonist and IL-10. The
combination of decreased monocytic HLA-DR
expression and cytokine secretion indicates that the
patient is severely immunosuppressed, and is at high
risk for developing infection (3,12,30).

Asadullah et al. (3) measured monocytic HLA-
DR expression and the levels of cytokines TNF-a, IL-
1b, IL-6 and IL-8 in the cerebrospinal fluid and
plasma of patients who had undergone intracranial
surgery. They observed reduced monocytic HLA-DR
expression in some patients and also reported that
all individuals with decreased HLA-DR expression
developed infectious complications. However, they
did not detect increased levels of cytokines in the
patients” plasma at any time during the first few
hours or the first 3 days postsurgery. Other authors
have also reported that patients with very low levels
of HLA-DR expression developed infection, and have
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suggested this is an indicator of immunodepression
(7,12).

The cytokines secreted by monocytes are the
types that are most important in the inflammatory
response (27,29). One of these, TNF-a, is known to
be particularly important in the pathogenesis of
sepsis (21,28). IL-1 and IL-6 have been identified as
important mediators of the hypothalamic-pituitary-
adrenal axis response to immune system activation
in vivo. It has been suggested that the systemic
inflammatory response limits itself by activating the
hypothalamic-pituitary-adrenal axis, resulting in
downregulation of monocytic function (3,7,28).
Research has shown that circulating concentrations
of proinflammatory mediators, including IL-6, rise
after trauma and blood loss (4). Hoch and colleagues
(21) demonstrated marked increases in the plasma
concentrations of IL-6 and IL-8 in the immediate
postinjury period. As a group, inflammatory
cytokines have been implicated as mediators of the
immunologic changes that occur after hemorrhage,
trauma, burn and septic shock (1,18,24).

Brain tissue is reported to be the source of many
of the classic mediators of inflammation that are
detected after various types of injury (16,17).
Specifically, glial cells and some CNS tumors are
known to produce significant quantities of cytokines
(2,10,25). In our study, contrary to the above-
mentioned results of Asadullah et al.,, we noted a
trend toward increased HLA-DR expression in all
three surgical groups on the third postoperative day
compared to the previous stages; however, the
observed increases were not statistically significant.
Furthermore, there were no significant differences
between infected and noninfected patients regarding
HLA-DR expression. On the other hand, we did find
that the patients who developed infection had had
significantly longer stays in the ICU, and had
undergone significantly longer surgeries than
patients who did not develop this type of
complication.

As noted previously, Hoch et al. (21)
demonstrated marked increases in the plasma
concentrations of IL-6 and IL-8 in patients who had
suffered multiple trauma; however, our testing for
TNF-a, IL-1-a, IL-6 and IL-8 revealed no significant
differences among the levels at each stage within each
surgical group, or among the levels at each stage
when the three groups were compared. The same
held true for our analysis of these factors in infected
versus noninfected patients.
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In conclusion, our results suggest that surgeries
performed in the treatment of intracranial aneurysm,
meningioma and glial tumor do not cause
immunodepression. Our findings related to
monocytic HLA-DR and the plasma TNF-a, IL-1-a,
IL-6 and IL-8 preinflammatory response did not
concur with other results that have been cited in the
literature (3,7,12,21,30). Based on the changes we
observed, these parameters do not appear to be good
predictors of postoperative infection. However, our
study does show that prolonged stay in the ICU and
longer duration of surgery are associated with the
development of infectious complications
postsurgery.

Note: This study was presented, in part, as a
poster at the May 19-23, 1999 Turkish Neurosurgical
Society meeting - XIII Annual Scientific Congress.
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01330 Adana, Turkey
Phone: (90-322) 3386060 / 3212
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