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Background: Preoperative alteration of T cell–mediated im-
munity as well as an altered immune response to surgical stress
were found in long-term alcoholic patients. The aim of this
study was to evaluate perioperative T cell–mediated immune
parameters as well as cytokine release from whole blood cells
after lipopolysaccharide stimulation and its association with
postoperative infections.

Methods: Fifty-four patients undergoing elective surgery of
the aerodigestive tract were included in this prospective obser-
vational study. Long-term alcoholic patients (n � 31) were de-
fined as having a daily ethanol consumption of at least 60 g and
fulfilling the Diagnostic and Statistical Manual of Mental Dis-
orders for either alcohol abuse or alcohol dependence. The
nonalcoholic patients (n � 23) were defined as drinking less
than 60 g ethanol/day. Blood samples to analyze the immune
status were obtained on morning before surgery and on the
morning of days 1, 3, and 5 after surgery.

Results: Basic patient characteristics did not differ between
groups. Before surgery, the T helper 1:T helper 2 ratio (Th1:
Th2) was significantly lower (P < 0.01), whereas plasma inter-
leukin 1� and lipopolysaccharide-stimulated interleukin 1ra
from whole blood cells were increased in long-term alcoholic
patients. After surgery, a significant suppression of the cyto-
toxic lymphocyte ratio (Tc1:Tc2), the interferon �:interleukin
10 ratio from lipopolysaccharide-stimulated whole blood cells,
and a significant increase of plasma interleukin 10 was ob-

served. Long-term alcoholics had more frequent postoperative
infections compared with nonalcoholic patients (54% vs. 26%;
P � 0.03).

Conclusions: T helper cell–mediated immunity was signifi-
cantly suppressed before surgery and possibly led to inadequate
cytotoxic lymphocyte and whole blood cell response in long-
term alcoholic patients after surgery. This altered cell-mediated
immunity might have accounted for the increased infection rate
in long-term alcoholic patients after surgery.

EVERY fifth patient admitted to a general hospital abuses
alcohol.1 In patients undergoing surgery of the aerodi-
gestive tract, the rate of alcohol abuse even exceeds
50%.2–8 Long-term alcoholic patients have a twofold to
fivefold increased risk of postoperative morbidity after
surgery.9–11 Because of this increased postoperative
morbidity, intensive care unit (ICU) treatment and over-
all hospital stay are prolonged.2,3,9,11,12 Among all com-
plications, infections are most relevant and are associ-
ated with a worse outcome.2,3,9,11

The mammalian immune system responds to any in-
jury, i.e., alcohol-related injury,13–18 cancer,19 surgical
trauma,20–24 by rapidly producing proinflammatory cy-
tokines and other mediators of acute inflammation. After
this initial inflammatory response, a compensatory anti-
inflammatory response ensues. Although this response
scenario may have evolved as a means to protect the
injured host from the harmful effects of injury-induced
inflammation, many of the mediators of this type of
counterinflammatory response also have strong immu-
nosuppressive activity. Consequently, clinical observa-
tions along with numerous studies in animal models
suggest that injury often leads to a transient state of
immune suppression that predisposes the injured host to
infections caused by opportunistic pathogens. Advances
in our understanding of how injury influences host im-
mune responses suggest that injury causes a phenotypic
imbalance in the regulation of T helper 1 (Th1)– and T
helper 2 (Th2)–type immune responses. In vivo studies
strongly suggest that injury skews T-cell responses to-
ward increased Th2-type reactivity.25 Therefore, the ef-
fect of injury on host immunity remains a significant
clinical problem.

In general, T cell–mediated immunity of cancer pa-
tients is thought to be impaired, and the T-cell balance
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can be expected to shift from Th1 to Th2.19 Appropriate
induction of a Th1 response is required for effective
eradication of intracellular pathogens and involves mac-
rophage activation and production of complement fixing
and opsonizing antibodies.16,17 In alcoholic patients,
controversial results were found. An increase in Th1
responses and a decrease in Th2 responses were report-
ed,18 whereas delayed-type hypersensitivity (DTH), re-
flecting the Th1:Th2 ratio, was decreased in long-term
alcoholic patients before surgery.9

Surgery per se decreased the Th1:Th2 ratio.20–23 In a
previously published study, a depressed interleukin (IL)
12–producing activity by monocytes and a shift toward
Th2-type lymphocyte pattern was seen on postinjury day
2, and this was associated with an increased infection
and complication rate after injury.26

It remains unclear whether this altered Th1:Th2 re-
sponse to surgery and in long-term alcoholics is associ-
ated with the cytotoxic lymphocyte responses (Tc1:Tc2
ratio) known to induce similar cytokine respons-
es23,26–29 as well as cytokine release from whole blood
cells. In a previous study, decreased proinflammatory
tumor necrosis factor (TNF) � and increased antiinflam-
matory IL-10 production was seen in long-term alcoholic
patients during surgery.30 A similar reaction of an exag-
gerated IL-10 response to surgery was found by our
group in long-term alcoholic patients during surgery.31

No study has investigated the perioperative T cell–
mediated immunity in long-term alcoholics undergoing
surgery for cancer of the aerodigestive tract and its
association with surgical stress and clinical outcome.
Therefore, the primary aim of the study was to evaluate
the T cell–mediated immune parameters as well as the
cytokine release of whole blood cells in the periopera-
tive period. The secondary aim was to determine
whether any of these parameters might be relevant for
postoperative infections in long-term alcoholic patients.

Materials and Methods

Patients
Fifty-four white patients undergoing surgery for aero-

digestive tract tumor were included in this prospective
observational study after receiving the approval of the
institutional ethical committee and written informed
consent from the patients. Basic patient characteristics
and current smoking status were documented. Patients
were not included in the study if they had any diagnosed
infection in the previous 14 days before surgery, were
HIV positive, had liver cirrhosis (Child B or C) because
this is well known to change immune modulation to-
ward a more proinflammatory state in long-term alco-
holic patients,32 were on corticosteroids, were mentally
ill, were not admitted to a surgical ICU after surgery, had
an unclear alcohol history, had abused multiple sub-

stances, or had a body mass index less than 20 kg/m2.
Ninety consecutive patients were screened for this
study. Eleven patients did not give their informed con-
sent to participate in this study. In total, 79 patients gave
their written informed consent to participate in this
study: 25 patients were excluded after inclusion because
they were not admitted to the ICU (n � 19) or did not
permit blood drawing during the whole study period
(n � 6). The remaining 54 patients with tumors of the
upper digestive tract were stratified into two groups: a
long-term alcoholic group (n � 31) and a nonalcoholic
group (n � 23).

Diagnosis of Long-term Alcohol Abuse and Group
Assignment
Preoperatively, the patients’ histories were obtained

and an alcoholism-related questionnaire, the CAGE Ques-
tionnaire, was given.33 The patients’ daily ethanol in-
takes were documented. The Diagnostic and Statistical
Manual of Mental Disorders (fourth edition)34 criteria
for alcohol dependence or alcohol abuse were obtained.
Long-term alcoholics had a daily intake of at least 60 g
ethanol/day for at least 1 yr preoperatively. Because of
the fact that in previous studies postoperative outcome
did not differ between social drinkers drinking 20–
59 g/day and those patients with an ethanol intake of less
than 20 g/day, in this study, all patients drinking less
than 60 g/day were referred to the nonalcoholic group.2

Investigational Protocol and Measurements
All patients were included in this study at least 48 h

before surgery. They underwent surgery of the aerodi-
gestive tract and standardized anesthesia with isoflurane,
fentanyl, and cisatracurium. Blood samples were drawn
the morning before surgery and on days 1, 3, 5, and 7
between 7:00 AM and 10:00 AM after surgery. DTH tests
(Multitest immignost®; Biosyn Arzneimittel GmbH, Fell-
bach, Germany) were performed twice, immediately af-
ter patients were included in the study, i.e., 48 h before
surgery and on the first postoperative day. Skin reactions
to seven antigens (Proteus, Trichophyton, Candida, tet-
anus, diphtheria, Streptococcus, tuberculin) plus glyc-
erin as control were taken. Results were taken after 48 h,
looking for both the number of positive reactions and
the sum of induration diameters. Hemodynamic mea-
surements, including mean arterial pressure as well as
heart rate and temperature, were also taken. Oxygen-
ation index, defined as the ratio of arterial oxygen ten-
sion to fraction of inspired oxygen (PaO2:FIO2) was de-
termined and documented before surgery, and at each
measurement point if the patient was still in the ICU. All
alcohol-dependent patients received prophylactic treat-
ment with midazolam and clonidine.35 All patients were
treated with piritramide to achieve a visual analog score
of less than 3. The perioperative antibiotic prophy-
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laxis was standardized.36 All patients were treated perio-
peratively with cefuroxime–metronidazole. They re-
ceived a single dose of antibiotics intravenously imme-
diately before surgery started; if surgery proceedings
lasted longer than 4 h, patients received a second
dose.36,37

Laboratory Markers
Th1:Th2, and Tc1:Tc2 Ratios. Th1:Th2 and Tc1:Tc2

cytokine ratios from peripheral blood T cells were ana-
lyzed by flow-cytometric measurement of intracellular
cytokine production after in vitro whole blood stimula-
tion with phobol-12-myristate-13-acetate and ionomycin
(fig. 1). The working procedure was based on the pro-
tocol for flow-cytometric measurement of intracellular
cytokine production (Fa. Becton Dickinson, Heidelberg,
Germany).

Cell Preparation and Cell Culture. Peripheral blood,
4.5 ml, was obtained in sterile heparinized tubes (4.5 ml
S-Monovette® ammonium heparin, 15 immunizing units
of heparin/ml blood; Fa. Sarstedt, Nümbrecht, Ger-
many). For analysis including the control analysis (A, B,
and C), four samples were necessary: Sample 1 with
50 �l was used to determine the T-lymphocyte subpopu-
lation, in particular CD4� and CD8� T lymphocytes. The
lyse-no-wash method was used, adding immune fluores-
cent antibodies of 5 �l CD3 peridinin chlorophyll
(PerCP), phycoerythrin (PE)-conjugated antibody CD4,
and fluorescein isothiocyanate–conjugated (FITC) CD8,
vortexing 3 s with 1,500 U/min, and followed by a
15-min incubation (20–25°C) in the dark. Then, 500 �l
FACS® lysing solution (Fa. Becton Dickinson) was ap-
plied to sample 1. After vortexing at 1,500 U/min for 3 s
to avoid cell clumping, this sample was stored again for
15 min at room temperature (20–25°C) in the dark.

Stimulation. Samples A, B, and C with 1 ml heparin-
ized blood were applied each in 5-ml sterile tubes (Fal-
con®; Becton Dickinson). For stimulation, phorbol-12-
myristate-13-acetate at an end concentration of 1 �g/ml
and ionomycin at an end concentration of 50 �g/ml
were added to sample A (stimulation control). To sample
B (native control to determine basal cytokine produc-
tion, unstimulated), only the secretion inhibitor Brefel-
din-A at an end concentration of 500 �g/ml (Fa. Sigma,
Deisenhofen, Germany) was added. Phorbol-12-myris-
tate-13-acetate and ionomycin as well as Brefeldin-A
were applied to sample C (stimulation). All three sam-
ples (A, B, and C) were filled with RMPI-1640 medium
(Fa. Sigma; total volume, 2 ml) and vortexed for 3 s at
1,500 U/min followed by a 4-h incubation at 37°C with
5% CO2.

Staining. CD3 PerCP, 10 �l; 10 �l CD8 FITC; and 10 �l
CD69 PE were added to sample A, followed by the
lyse-and-wash method. Samples B and C were stained

first. Sample B included seven subdivisions with 100 �l
in 5-ml sterile tubes (Falcon®):

● B1–3: staining with 10 �l CD3 PerCP and 10 �l CD8
FITC

● B4 and 5: staining with 10 �l CD3 PerCP and 10 �l
CD8 PE

● B6 and 7: staining with 10 �l CD3 PerCP

Fig. 1. Flow-cytometric dot plots of Th1 (interferon [IFN] �) (A)
and Th2 (interleukin [IL] 4 PE) (B) cells. FITC � fluorescein
isothiocyanate conjugated; horizontal line � isotype control.
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Sample C included seven subdivisions with 100 �l in
5-ml sterile tubes (Falcon®):

● C1–3: staining with 10 �l CD3 PerCP and 10 �l CD8
FITC

● C4 and 5: staining with 10 �l CD3 PerCP and 10 �l
CD8 PE

● C6 and 7: staining with 10 �l CD3 PerCP

All samples were vortexed for 3 s at 1,500 U/min and
incubated at room temperature in the dark for 20 min.
This was followed by centrifugation (5 min at 500g). The
pellet was mixed with 500 �l FACS� Permeabilizing
Solution (Fa. Becton Dickinson), followed by vortexing
(3 s) and a 15-min incubation in the dark for permeabi-
lizing. After subsequent washing in a solution of 2 ml
phosphate-buffered saline, 0.1% natrium-acetate solu-
tion, and 0.5% bovine serum albumin and centrifugation
at 500g, the second staining of the now surface-marked
permeabilized cells with fluorescent antibodies started,
using samples of B1–7 and C1–7 (Falcon®):

● B1 and C1: staining with 10 �l CD69 PE
● B2 and C2: staining with 10 �l FastImmune anti-Hu IL4

PE
● B3 and C3: staining with 10 �l FastImmune �1PE IL4

isotype control
● B4 and C4: staining with 10 �l FastImmune anti-Hu

interferon (IFN) � FITC
● B5 and C5: staining with 10 �l FastImmune �2a IFN-�

FITC isotype control
● B6 and C6: staining with 20 �l FastImmune anti-Hu

IFN-� FITC–anti-Hu IL4 PE
● B7 and C7: staining with 20 �l FastImmune �2a

FITC–�1 PE isotype control

All samples were vortexed (3 s) at 1,500 U/min and
were incubated for 20 min in the dark at room temper-
ature. After subsequent washing in a solution of 1 ml
phosphate-buffered saline, 0.1% natrium-acetate solu-
tion, and 0.5% bovine serum albumin and centrifugation
at 500g, all cells were fixed with 500 �l CellFix (Fa.
Becton Dickinson). All samples were stained and ana-
lyzed on the same day because there was fading of the
FITC fluorescence signal with overnight storage.

Multiparameter Flow Cytometric Analysis. A FAC-
Scan Cytometer (Fa. Becton Dickinson) fitted with a
15-mW air-cooled 488-nm argon ion laser and filter set-
tings for FITC (530 nm), PE (585 nm), and PE-Cy5 emit-
ting in the deep red (� 650 nm) was used. Data acqui-
sition on the flow cytometer was performed with
FACScan Research Software (Fa. Becton Dickinson). Af-
ter appropriate instrument settings and spectral com-
pensations, the settings were not changed, and stability
was regularly checked with fluorescent beads (Calibrite;
Fa. Becton Dickinson). A minimum of 15,000 events was
computed using log-amplified fluorescence signals and
linearly amplified side-scatter and forward-scatter sig-

nals. The data were analyzed using CellQuest Software
(Fa. Becton Dickinson), and results are shown as per-
centage of positive cells (fig. 1). A gate was set around
the lymphocyte cluster on forward-scatter versus side-
scatter dot plots to exclude monocytes, neutrophils, and
debris from data analysis. Negative control reagents
were used to verify the staining specificity of experimen-
tal antibodies and as a guide for setting markers to
delineate positive and negative populations. According
to the literature, the ratios were given as percentages of:
Th1:Th2 ratio: %IFN-� CD3� CD4�/%IL-4 CD3� CD8�;
and Tc1:Tc2 ratio: %IFN-� CD3� CD8�/%IL-4 CD3�

CD8�. To exclude natural killer cells, monocytes, and
dendritic cells, it was a prerequisite that CD3� CD8�

and CD3� CD4� were 5% or less, and CD3� CD8� and
CD3� CD4� were 5% or less.

Lipopolysaccharide-stimulated Whole Blood
Cells. Blood samples to determine lipopolysaccharide-
stimulated whole blood cells were drawn at 8:00 AM the
morning before surgery and postoperative days 1, 3, 5,
and 7. Heparinized whole blood, 50 �l, was incubated at
37°C for 4 h with the stimulation solution containing
culture medium with 500 pg/ml lyophilized lipopolysac-
charide. Whole blood cells were stimulated to produce
cytokines, in particular IL-1ra, TNF-�, IFN-�, IL-10, and
IL-12, which were measured in the supernatant after
centrifugation for 5 min at 1,000g using commercially
available kits (Quantikine® Immunoassay Kit; R&D Sys-
tems, Minneapolis, MN, for IL-1-ra and TNF-�; Enzyme
Immunoassay Kit; Immunotech, Beckman Coulter Com-
pany, Marseille, France, for IFN-�, IL-12, and IL-10). De-
tection limits were: Il-1ra, 14 pg/ml (intraassay and in-
terassay coefficients, 4.8 and 5.3%, respectively); TNF-�,
4.4 pg/ml (4.6 and 5.8%); IFN-�, 0.08 U/ml (6.0 and
8.3%); IL-10, 5 pg/ml (3.0 and 7.0%); IL-12, 5 pg/ml (2.8
and 6.7%)

Cytokines. Blood samples were collected in iced ster-
ile tubes (EDTA–serum), and after centrifugation, the
supernatants were stored in liquid nitrogen at �70°C. All
mediators were analyzed at 23°C. The cytokines IL-1�,
IL-6, IL-8, and IL-10 were analyzed by a sandwich en-
zyme-linked immunosorbent assay, using commercially
available kits (Quantikine® Immunoassay Kit for IL-1�;
Enzyme Immunoassay Kit for IL-6, IL-8, and IL-10). De-
tection limits (EDTA–plasma) were as follows: IL-1�,
0.1 pg/ml (intraassay and interassay variation coeffi-
cients, 3.0% and 12.5%, respectively); IL-6, 3 pg/ml (4.6
and 12.1%); IL-8, 8 pg/ml (5.0 and 11.1%); IL-10, 5 pg/ml
(3.0 and 7.0%).

Cortisol, ACTH, and � Endorphin. Blood samples
were collected in iced sterile tubes (EDTA–serum), and
after centrifugation, the supernatants were stored in
liquid nitrogen at �70°C. Plasma adrenocorticotrophic
hormone (ACTH) concentrations were determined by
commercially available immunoassay kits (Immulite®

ACTH; Diagnostic Products Corporation, Los Angeles,
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CA). The assay sensitivity was 9 pg/ml, and the intraassay
and interassay variation coefficients were 3.1 and 5.9%,
respectively. Plasma cortisol concentrations were ana-
lyzed using commercially available kits (Calibrator kit;
Fa. Bayer Corporation, BGD, Tarrytown, NY). The assay
sensitivity was 5.5 � 10�6

M and the intraassay and
interassay coefficients of variation were 3.1 and 9.1%,
respectively. In addition, �-endorphin blood samples
were collected using a chilled syringe and transferred
into a polypropylene tube containing EDTA (1 mg/ml)
and aprotinin (500 KU/ml blood) at 0°C, were centri-
fuged at 0°C, and were stored at �70°C for maximum
stability. �-endorphin serum concentrations were ana-
lyzed using a standardized commercial kit (�-endorphin
human RIA Kit 125-I; Peninsula Laboratories Europe,
Merseyside, England).

Epinephrine and Norepinephrine. Blood samples
were collected in iced sterile tubes (prepared with
EGTA–GSH solution), and after centrifugation, the super-
natants were stored in liquid nitrogen at �70°C. Epi-
nephrine and norepinephrine plasma concentrations
were analyzed using a standardized high-performance liq-
uid chromatography method of our department of labora-
tory medicine. Detection limits were 10–1,000 pg/ml. The
intraassay and interassay variation coefficients were, re-
spectively, 5.4 and 4.3% for epinephrine and 5.8 and 4.0%
for norepinephrine.

Conventional Laboratory Markers. Alcohol-related
laboratory data, including mean corpuscular volume,
�-glutamyl-transferase, and carbohydrate-deficient trans-
ferrin, were obtained on admission to the hospital.12

Routine laboratory parameters, including hemoglobin,
hematocrit, leukocyte count, C-reactive protein, biliru-
bin, creatinine, thrombocyte count, and plasmatic coag-
ulation, were determined at each measurement point
plus two times a day after surgery in the ICU. Arterial
blood gases (acid–base balance, electrolytes, lactate, and
glucose) were obtained before surgery via a radial artery
catheter 1 h before surgery and after admission to the ICU.

Postoperative Period
Postoperatively, all patients were admitted to the ICU.

Diagnosis, surgery, the Acute Physiology and Chronic
Health Evaluation Score III,38 the Multiple Organ Failure
Score,39 ventilatory needs, and the duration of ICU and
hospital stay were documented. In addition, infection
criteria and other intercurrent complications, such as
cardiac complications, bleeding disorders, and alcohol
withdrawal syndrome, were recorded on a daily basis.
The researchers who performed the laboratory analysis
were blinded to data collection and ICU outcome.

All infections were diagnosed according to the criteria
recommended by the Center for Disease Control and
Prevention,40 and the frequency of patients who had any
infection was documented. Tracheobronchitis was diag-
nosed if the patient had at least three of the following

five signs or symptoms: cough, rhonchi, wheezing, or
other auscultatory findings without evidence of pulmo-
nary consolidation; purulent sputum production; body
temperature greater than 38°C; leucocytosis; or organ-
isms isolated from culture obtained by tracheal aspirate
or bronchoscopy. In case of pneumonia, the diagnosis
was made if systemic signs of infection were present,
new or worsening infiltrates were seen on the chest
x-ray, and new onset of purulent sputum or a change of
sputum with bacteriologic evidence was found.41 A sur-
gical site infection (superficial/deep) wound infection
was diagnosed if the infection occurred within 30 days
after the operative procedure and if the patient had at
least one of the following criteria: purulent draining
from the superficial/deep incision or organisms isolated
from an aseptic obtained culture from the superficial/
deep incision; and at least one of the following signs or
symptoms: pain, tenderness, swelling, redness, or heat.
Symptomatic urinary tract infection was diagnosed if
the patient had at least one of the following criteria:
fever (� 38°C), urgency, frequency, dysuria, suprapubic
tenderness, and a positive urine culture (� 105

microorganisms/cm3).
The microbiologic screening was started on admission

to the ICU and was performed according to clinical
routine in case of clinical signs of infections.37 It in-
cluded routine nose, throat, and wound swabs as well as
cultures from tracheal aspirate or bronchoalveolar la-
vage. The antimicrobiologic therapy was according to
the specific sensitivity of the strains in these microbio-
logic screenings.

Cardiac complications included arrhythmias, left ven-
tricular failure, and myocardial ischemia.2,42 Each of
these cardiac complications were diagnosed according
to the internationally accepted criteria.42–44 Bleeding
incidences were defined as requiring either blood trans-
fusion or surgical revision.2 The differential diagnosis of
alcohol withdrawal syndrome (AWS) was made accord-
ing to the Clinical Institute Withdrawal Assessment for
Alcohol-Revised scale.45 The diagnosis was confirmed by
a psychiatric consultation. The onset of AWS was docu-
mented in the study protocol. All patients were treated
with flunitrazepam if AWS occurred. Haloperidol was
added if the patient developed productive-psychotic
signs, and the �2-agonist clonidine was added if the
patient had autonomic signs. In addition, propofol infu-
sion was applied for the night if necessary in a dose to
achieve a Ramsay Sedation Scale score of 2 or 3. Treat-
ment of AWS was guided to achieve a Clinical Institute
Withdrawal Assessment for Alcohol-Revised scale score
of less than 20.12,45,46

Statistics
All data were expressed as median and interquartiles.

All parameters of neuroendocrine immune axis with
respect to time were analyzed using nonparametric mul-
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tivariate analysis of variance for repeated measurements
in a two-factorial design (first factor (group): long-term
alcoholics vs. nonalcoholics; second factor (time).47

Therefore, we compared all the four time points simul-
taneously on the corresponding response curves. Differ-
ences in chosen clinical parameters (such as patient
characteristics, conventional laboratory data, and others)
between long-term alcoholics and nonalcoholics were
proven by means of the Mann–Whitney U test and the
Fisher exact test, respectively. Diagnostic test perfor-
mance was evaluated by receiver operating characteris-
tic analysis. The receiver operating characteristic analy-
sis was performed as described previously.48 P � 0.05
was considered significant. The numerical calculations
were performed with SAS for WINDOWS (release 8.02,
copyright 1999–2001; SAS Institute Inc., Cary, NC).

Results

Basic patient characteristics differed in alcohol-related
history and laboratory markers, as well as current smok-
ing (table 1). Seventeen patients were alcohol depen-
dent; the remaining 14 patients were alcohol abusers.
No patient had signs of any infection on the day of
surgery.

Preoperatively, Th1:Th2 ratios were significantly lower
in long-term alcoholic patients compared with nonalco-
holic patients (fig. 2). During surgery, Th1:Th2 ratios
decreased in nonalcoholic patients and remained low in
both groups after surgery (fig. 2). Tc1:Tc2 ratios de-
creased in long-term alcoholic patients during surgery
and remained significantly suppressed after surgery,
whereas Tc1:Tc2 ratios increased in nonalcoholic pa-
tients during surgery and remained increased after sur-
gery (fig. 2). In contrast, the IFN-�:IL-10 ratio from li-
popolysaccharide-stimulated immune cells increased in

nonalcoholic patients but decreased in long-term alco-
holic patients during surgery and remained different
between groups until day 5 after surgery (fig. 2). The
DTH skin response was preoperatively and postopera-
tively significantly impaired in long-term alcoholic pa-
tients compared with nondrinkers (fig. 3).

Interleukin 1� plasma concentrations were increased
in alcoholic patients preoperatively and decreased dur-
ing surgery, whereas they remained unchanged in non-
alcoholic patients until day 5 after surgery (fig. 4). IL-10
plasma concentrations increased during surgery in long-
term alcoholic patients and remained increased until day
5 after surgery (fig. 4). IL-1ra from lipopolysaccharide-
stimulated whole blood cells was increased in long-term
alcoholic patients preoperatively and remained in-
creased during surgery, whereas it remained unchanged
in nonalcoholic patients (fig. 5). No other immune pa-
rameters differed between groups after surgery (tables 2
and 3).

Parameters of the stress axis as cortisol, ACTH, and �
endorphin as well as catecholamines, i.e., epinephrine
and norepinephrine, did not differ between groups (ta-
ble 4). Conventional laboratory markers indicating an
infection such as C-reactive protein, leukocytes, lactate,
and thrombocytes did not differ between groups (C-
reactive protein maximal values: long-term alcoholics,
11.3 [9–16] mg/dl; nonalcoholics, 8.8 [1–17] mg/dl;
lactate maximal values: long-term alcoholics, 1.0 [0.7–
1.9] mM; nonalcoholics, 0.8 [0.6–1.1] mM; leukocyte
maximal values: long-term alcoholics, 11 [7–16] nl; non-
alcoholics, 13 [10–17] nl; thrombocyte minimal values:
long-term alcoholics, 189 [141–239] nl; nonalcoholics,
161 [138–214] nl).

The Acute Physiology and Chronic Health Evaluation
scores and Multiple Organ Failure Score on admission to
the ICU did not differ between long-term alcoholic pa-

Table 1. Demographic Characteristics and Alcoholism-relevant Data of Long-term Alcoholics and Nonalcoholics

Long-term Alcoholics
(n � 31)

Nonalcoholics
(n � 23) P Value

Age, yr 56 (49–61) 55 (51–60) 0.871
BMI, kg/m2 24 (22–29) 28 (24–30) 0.174
Sex (M/F) 27/4 20/3 0.988
CAGE 3 (2–3) 0 (0) � 0.001*
Ethanol consumption, g/day 75 (60–120) 15 (0–30) � 0.001*
CDT, % 7 (5–11) 4 (3–5) � 0.001*
GGT, U/l 45 (19–81) 18 (10–26) � 0.001*
MCV, fl 96 (92–100) 91 (89–93) � 0.001*
ASAT maximum, U/l 8 (8–21) 11 (9–18) 0.759
ALAT maximum, U/l 12 (6–24) 17 (13–21) 0.558
Current smoking, No. 25/31 (81%) 12/23 (52%) 0.009*
Preoperative oxygenation index, mmHg 350 (307–393) 378 (319–393) 0.420

Data are presented as median (quartiles 25–75) or No. (� frequency). All alcoholism-related parameters were taken on admission to the hospital.

* P � 0.05.

ALAT � alanine aminotransferase (5–22 U/l); ASAT � aspartate aminotransferase (5–18 U/l); BMI � body mass index; CAGE � alcoholism-associated
questionnaire (normal range, 0–1); CDT � carbohydrate-deficient transferrin (0–5%); fl � femtoliters; GGT � �-glutamyl-transferase (5–28 U/l); MCV � mean
corpuscular volume (normal range, 80–96 fl).
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tients and nonalcoholics; ICU and hospital stay were
prolonged in long-term alcoholic patients (table 5). The
overall postoperative infection rate and the incidence of
pneumonia were significantly increased in long-term al-
coholic patients (table 5). Multivariate logistic regression
revealed that the preoperative Th1:Th2 ratio, the post-
operative Tc1:Tc2 ratio, and the IFN-�:IL-10 ratio from
lipopolysaccharide-stimulated whole blood cells 1 day
after surgery were predictive of postoperative infections
(P � 0.03). Considering a possible marker function by
receiver-operating characteristics, however, only the imme-

diate postoperative IFN-�:IL-10 ratio from lipopolysaccha-
ride-stimulated whole blood cells showed an area under the
curve of 0.83 (lower 95% confidence limit, 0.53).

Dual addiction (alcoholism and smoking) further in-
creased the postoperative infectious complication rate
(table 6). Despite the fact that long-term alcoholics and
current smokers did not significantly differ in their
TNF-� concentrations, the combination of both addic-
tions significantly increased TNF-� (long-term alcoholics
and smokers [n � 25], median, 23.9 pg/ml [quartiles,
11.8–164.0 pg/ml]; long-term alcoholics and nonsmok-
ers [n � 6], 19.7 [4.6–32.4] pg/ml; nonalcoholics and
smokers [n � 12], 11.3 [4.6 –33.6] pg/ml; nonalcohol-
ics and nonsmokers [n � 11], 9.5 [5.6 –30.6] pg/ml;
PANOVA-type � 0.04).

In addition to the infectious complications, cardiac and
bleeding complications did not significantly differ be-
tween groups (frequency in long-term alcoholic patients
vs. nonalcoholic patients: cardiac complications, 6 of 31
[20%] vs. 2 of 23 [9%]; P � 0.280; bleeding complica-
tions, 4 of 31 [13%] vs. 2 of 23 [9%]; P � 0.288).
Catecholamines were given in 3 patients (dopamine plus
norepinephrine) in the long-term alcoholic group versus
1 patient in the nonalcoholic group; hemodynamics
such as mean arterial pressure and heart rate did not
differ between groups. AWS was only seen in long-
term alcoholic patients (frequency, 6 in 31 [20%]; P �
0.026). The beginning of AWS was in median on day 1
(range, 0–3 days) after surgery. The maximal Clinical Insti-
tute Withdrawal Assessment for Alcohol-Revised scale
score was 29.

Fig. 2. Perioperative T-helper cell ratio (non-CD8�) (Th1/Th2),
cytotoxic T-lymphocyte ratio (CD8�) (Tc1/Tc2), and lipopoly-
saccharide-stimulated whole blood cell interferon (IFN) �:inter-
leukin (IL) 10 ratio in long-term alcoholics (filled triangles) and
nonalcoholics (open circles). Postop � days after surgery;
preop � 7:00 AM the day before surgery. * P < 0.01.

Fig. 3. Delayed-type hypersensitivity skin test. Delayed-type hy-
persensitivity is presented as the median (quartiles 25–75) of
the skin test area of delayed-type hypersensitivity responses in
square millimeters. * P < 0.05; number of positive reactions in
long-term alcoholics (before surgery [preop], 1.5 [1–2]; 48 h
after surgery [postop], 1.0 [1–2]) and nonalcoholics (preop, 2
[2–4]; postop, 3 [2–4]); P < 0.05.
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Discussion

The most important result of this study was that the
Th1:Th2 ratio was significantly lower in long-term alco-
holic patients before and after surgery. This was associ-
ated with a significantly lower Tc1:Tc2 ratio as well as a
decreased IFN-�:IL-10 ratio after surgery in long-term
alcoholics. In addition, DTH skin response was impaired
in long-term alcoholic patients before and after surgery.
This altered cell-mediated immunity might be a relevant
pathomechanism for the increased postoperative infec-
tion rate in these long-term alcoholic patients.

T Cell–mediated Immunity
Long-term alcoholic patients in our study had lower

Th1:Th2 ratios before surgery. This is in accord with the
significantly impaired DTH skin response. There is only
one other surgical study, by Tonnesen et al.,9 in which it
was also found that the DTH skin response of patients
undergoing colorectal surgery was impaired among al-
coholic patients preoperatively compared with nonalco-
holics. In experimental settings, there is an increase in

Th1 and a decrease in Th2 response seen in ethanol-
consuming mice.14–16 Antibody responses, regulated by
Th2 lymphocytes, are either unimpaired or en-
hanced.13,16 This preferential induction of Th2 versus
Th1 immune response suggested in long-term alcoholics
is in accord with the reduced DTH reaction.49,50 Th1
unresponsiveness can be infectious for unrelated anti-
gens.51 Appropriate induction of a Th1 response is re-
quired for effective eradication of intracellular patho-
gens and involves macrophage activation and
production of complement fixing and opsonizing
antibodies.13,14

During surgery, Tc1:Tc2 ratios decreased in long-term
alcoholic patients and remained significantly low in long-
term alcoholic patients after surgery, whereas Tc1:Tc2
ratios increased in nonalcoholic patients during surgery
and remained increased after surgery. In contrast, Th1:
Th2 ratios decreased in nonalcoholic patients during
surgery and remained low in both groups after surgery.
It is well known that surgery and major injury induces a
shift toward a suppressed Th1:Th2 ratio.20–23,52,53

Therefore, surgery can add to the ethanol-induced al-
tered immune response and alter Th1:Th2 ratios in the
same manner.54 In a study by Tonnesen et al.,55 the DTH
skin response of patients undergoing colorectal surgery
was reduced after surgery in all patients, but to a signif-
icantly larger extent in long-term alcoholic patients. In
our study, both the number of positive reactions and the
sum of induration diameters were significantly lower in
long-term alcoholic patients postoperatively, whereas
they were unchanged in nonalcoholic patients. CD4� T
cells are required for the development of cytotoxic
CD8� T cells.24,27 The increase of Tc1:Tc2 ratio in non-
alcoholic patients after surgery may be considered an
adaptation to maintain effective immunity, and progres-
sion of infection such as this is observed in many other
settings, such as viral, in particular HIV, and Mycobacte-
rium tuberculosis infections.24,27,28 Postburn changes in
T-cell reactivity in CD8� rather than in CD4� cells can
be considered in accord with our study in nonalcoholic
patients after surgery.56 Because long-term alcoholic pa-
tients cannot regulate their cell-mediated pathways, in
particular cytotoxic lymphocytes, in the same way as

Fig. 5. Perioperative cytokines of lipopolysaccharide-stimulated
whole blood cells interleukin (IL) 1ra supernatant in long-term
alcoholics (filled triangles) and nonalcoholics (open circles).
Postop � days after surgery; preop � 7:00 AM the day before
surgery. P < 0.01.

Fig. 4. Perioperative plasma interleukin
(IL) 1� and IL-10 concentrations in long-
term alcoholics (filled triangles) and
nonalcoholics (open circles). Postop �
days after surgery; preop. � 7:00 AM the
day before surgery. P < 0.01.
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nonalcoholic patients after surgery, as was shown for the
first time in the current study, this may be another hint
of a severe postoperative immune suppression. How-
ever, it remains unclear in this study what the exact
factors and mechanisms for these different cellular im-
mune responses are, i.e., antigen presentation, down-
regulation of human leukocyte antigen or up-regulation
of FAS ligand, or different recognition pathways.26–28,56

Lipopolysaccharide-stimulated Whole Blood Cells
and Plasma Cytokine Concentrations
The IFN-�:IL-10 ratio from lipopolysaccharide-stimu-

lated whole blood cells increased in nonalcoholic pa-
tients but decreased in long-term alcoholic patients dur-
ing surgery and remained different between groups until
day 5 after surgery. IFN-� encourages the differentiation
of precursors into Th1 or Tc1 cells, whereas IL-10 in-
duces the generation of Th2 or Tc2 cells. Th1 cells and
Tc1 cells can produce IFN-�, and IFN-� from whole
blood cells can inhibit Th2 and Tc2 generation. Th2 and
Tc2 can produce IL-10, and IL-10 from whole blood cells
can inhibit Th1 and Tc1.57

Interleukin 1� plasma concentrations were increased
in long-term alcoholics before and decreased during sur-
gery, whereas they remained unchanged in nonalcoholic
patients. In contrast, IL-10 plasma concentrations in-
creased during surgery in long-term alcoholic patients
and remained increased until day 5 after surgery. In
addition, IL-1ra from lipopolysaccharide-stimulated
whole blood cells was increased in long-term alcoholic
patients before surgery and further increased during
surgery but remained unchanged in nonalcoholic con-
trols until day 5 after surgery.

The different immune modulation after surgery and its
association with a worse outcome in long-term alcoholic
patients was seen in previous studies conducted by our
group.31,58 An immediate postoperative suppressed IL-6:
IL-10 ratio of plasma concentrations was predictive of
later onset of postoperative infections.31 This may be
considered a different immune response to IL-6 release
in long-term alcoholic patients. IL-6 may trigger a proin-
flammatory response in patients without acute or
chronic diseases, whereas an antiinflammatory surgical
response may be triggered in long-term alcoholic pa-
tients.31,32 Significantly decreased concentrations of
proinflammatory cytokines TNF-�, IL-1�, IL-6, and IL-8
were found in early septic shock patients with a history
of alcohol abuse.58 In experimental settings, the pres-
ence or absence of IFN-� was critical in determining the
effect of short-term alcohol use on monocyte IL-12 ver-
sus IL-10 induction.59

With respect to outcome, an increased susceptibility
to postoperative sepsis was already seen in patients with
impaired monocyte IL-12 production.60 Anti–IL-10 anti-
body restored burn-induced defects in T-cell function.61

In experimental settings, IL-12 therapy restored cell-
mediated immunity in ethanol-consuming mice, and ad-
enoviral-mediated IFN-� gene therapy augmented pulmo-
nary host defense of ethanol-treated rats.62,63 Therefore,

Table 2. Plasma Cytokines in Long-term Alcoholics and Nonalcoholics

Long-term Alcoholics
(n � 31)

Nonalcoholics
(n � 23) P Value

TNF-�, pg/ml
Preop 10.9 (5.3–24.8) 6.4 (3.9–17.2) 0.201
Postop 1–3 39.3 (9.9–112.7) 16.6 (5.2–25.6) 0.193
Postop � 3 23.6 (9.4–78.5) 8.8 (3.3–34.1) 0.065

IL-6, pg/ml
Preop 20.0 (12.8–42.9) 13.3 (6.3–27.2) 0.126
Postop 1–3 216.4 (108.6–374.8) 115.4 (55.4–201.4) 0.069
Postop � 3 37.2 (16.0–93.0) 15.1 (9.4–37.7) 0.018*

IL-8, pg/ml
Preop 25.5 (11.2–58.4) 10.6 (0–80.3) 0.263
Postop 1–3 37.5 (24.1–96.1) 21.0 (0–149.8) 0.371
Postop � 3 46.8 (19.4–163.8) 12.2 (0.3–139.9) 0.147

Data are presented as median (quartiles 25–75).

* P � 0.05.

IL � interleukin; postop 1–3 � intensive care unit days 1–3 after surgery; postop � 3 � bedside days 5–7 after surgery; preop � bedside days 1–7 before surgery;
TNF � tumor necrosis factor.

Table 3. Lipopolysaccharide-induced Stimulation of Whole
Blood Cells in Long-term Alcoholics and Nonalcoholics

Whole Blood Cells
Long-term Alcoholics

(n � 31)
Nonalcoholics

(n � 23) P Value

IL-12, pg/ml
Preop 5.0 (5.0–7.0) 5.1 (5.0–13.6) 0.798
Postop 1–3 9.2 (5.0–21.8) 9.9 (5.1–85.9) 0.772
Postop � 3 5.4 (5.0–23.8) 6.7 (5.0–17.1) 0.718

TNF-�, pg/ml
Preop 4.5 (3.1–9.1) 6.0 (2.8–7.6) 0.873
Postop 1–3 3.3 (2.5–5.0) 9.2 (4.0–12.8) 0.078
Postop � 3 6.2 (4.6–8.1) 6.9 (5.4–9.7) 0.423

Data are presented as median (quartiles 25–75).

IL � interleukin; postop 1–3 � intensive care unit days 1–3 after surgery;
postop � 3 � bedside days 5–7 after surgery; preop � bedside days 1–7
before surgery; TNF � tumor necrosis factor.
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the suppressed proinflammatory and increased antiin-
flammatory response in long-term alcoholic patients af-
ter surgery may predispose to infections.

Immune Functions and Postoperative Infections
In our study, the rate of postoperative infections was

significantly increased in long-term alcoholic patients
after surgery. This is in accord with previous publica-
tions.2,11 Wound infections, urinary tract infections, tra-
cheobronchitis, and pneumonia are reported to be more
frequent among alcoholic patients compared with con-
trols in either medical or surgical settings.11,64–67 In the

ICU, the most frequent infection is pneumonia, which
was reported to occur in 38% of the alcoholic patients
compared with 7% of the nonalcoholic patients after
gastrointestinal surgery.2,11,66 These results are in accord
with our findings.

Because of the limited number of patients and the
primary aim of the study, the relevance of the altered
immune parameters on postoperative infections cannot
be answered. The preoperative Th1:Th2 ratio was asso-
ciated with a postoperative decrease of the Tc1:Tc2 ratio
and the IFN-�:IL-10 ratio from lipopolysaccharide-stimu-
lated whole blood cells. However, only the immediate

Table 4. ACTH, �-Endorphin, Cortisol, and Catecholamines in Long-term Alcoholics and Nonalcoholics

Long-term Alcoholics
(n � 31)

Nonalcoholics
(n � 23) P Value

ACTH, pg/ml
Preop 6.5 (4.2–13.1) 4.9 (3.3–6.6) 0.131
Postop 1–3 5.1 (2.4–16.5) 5.2 (2.7–7.3) 0.419
Postop � 3 4.7 (3.1–12.4) 5.7 (3.3–6.1) 0.609

�-Endorphin, pg/ml
Preop 19.4 (12.4–24.6) 16.9 (13.3–21.4) 0.666
Postop 1–3 25.8 (14.7–31.2) 17.3 (13.4–20.8) 0.039*
Postop � 3 26.7 (15.8–32.9) 18.4 (15.9–25.1) 0.179

Cortisol, �g/dl
Preop 381.3 (310.0–470.6) 411.1 (307.8–506.9) 0.591
Postop 1–3 525.7 (335.8–1168.1) 368.9 (292.1–641.3) 0.162
Postop � 3 417.4 (268.9–781.6) 414.3 (309.1–499.7) 0.658

Epinephrine, pg/ml
Preop 217.5 (177.8–427.0) 200.0 (110.8–380.8) 0.471
Postop 1–3 317.5 (106.0–1040.0) 253.0 (67.5–575.8) 0.524
Postop � 3 183.3 (56.7–438.3) 167.5 (86.0–419.8) 0.763

Norepinephrine, pg/ml
Preop 2,470.0 (1,496.0–2,883.1) 2,810.0 (1,852.5–3,966.7) 0.209
Postop 1–3 1,922.5 (583.8–4,167.8) 1,884.5 (766.3–2,395.3) 0.671
Postop � 3 2,875.0 (1,518.8–4,307.5) 3,707.0 (2,238.3–5,183.0) 0.554

Data are presented as median (quartiles 25–75).

P � 0.05.

ACTH � adrenocorticotrophic hormone; postop 1–3 � intensive care unit days 1–3 after surgery; postop � 3 � bedside days 5–7 after surgery; preop � bedside
days 1–7 before surgery.

Table 5. Postoperative Course and Infectious Complications in Long-term Alcoholics and Nonalcoholics

Long-term Alcoholics
(n � 31)

Nonalcoholics
(n � 23) P Value

APACHE III score on admission to ICU 23 (19–26) 19 (16–24) 0.175
APACHE III score maximum during ICU stay 51 (40–61) 30 (19–36) 0.018
MOF score on admission to ICU 1 (0–3) 1 (0–1) 0.182
MOF score maximum during ICU stay 3 (0–5) 4 (0–8) 0.219
Ventilation during ICU stay, days 2 (1–10) 1 (1–2) 0.012*
ICU stay, days 4 (2–12) 2 (1–3) � 0.001*
Hospital stay, days 40 (29–54) 18 (14–24) � 0.001*
Infections, No. 17 (55%) 6 (26%) 0.036*

Gram positive 17 2
Gram negative 10 1
Mycotic 5 0
Pneumonia 11 (35%) 1 (4%) 0.007*
Tracheobronchitis 12 (39%) 4 (17%) 0.092

Urinary tract infections, No. 3 (10%) 1 (4%) 0.463
Wound infections, No. 7 (23%) 2 (9%) 0.069

Data are presented as median (quartiles 25–75), No. (� frequency) or days.

APACHE � Acute Physiology and Chronic Health Evaluation; ICU � intensive care unit; MOF � multiple organ failure.
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postoperative IFN-�:IL-10 ratio from lipopolysaccharide-
stimulated whole blood cells showed marker function
for postoperative infections in this limited patient pop-
ulation. Because postoperative infections may be related
to preoperative immune suppression,68 our findings
might be an immunologic hint to higher postoperative
infection rates, but because of the limited number of
patients and therefore potential bias, this requires larger
outcome studies.

Dual Addiction and Immune Function
In our study, the criterion for smoking was different

between groups. Therefore, we cannot exclude the cri-
terion for smoking as a confounder of the postoperative
infection data in our patients. Cigarette smoking has
been implicated as a risk factor for postoperative pulmo-
nary complications.69,70 Smokers have an increased fre-
quency of pulmonary, circulatory, and infectious com-
plications as well as impaired wound healing.70 Bluman
et al.70 demonstrated that smokers were approximately
six times more likely then never-smokers to experience
postoperative pulmonary complications. In contrast,
Møller et al.71 studied the effects of preoperative smok-
ing intervention on postoperative complications in 120
patients undergoing surgery. The overall complication
rate was 18% in the smoking intervention and 52% in
controls (P � 0.0003). The most significant effects of
intervention were seen for wound-related and cardiovas-
cular complications. Interestingly, a very low frequency
of postoperative pulmonary complications (2%) was
seen in both groups in the study of Møller et al.71

Therefore, these controversial results might be a result
of different kinds of surgery. In our patients, dual addic-
tion had the strongest effect on postoperative infections.
Considering the overall infection rate and, in particular,
pneumonia, alcohol seemed to have a major impact,

whereas for tracheobronchitis and wound infection,
smoking seemed to be more relevant in our patients.

Long-term cigarette smoking affects T-cell responses in
humans.72 The molecular mechanism through which
smoking affects the lymphocyte function is largely un-
known. Nouri-Shirazi et al.73 provided evidence that
dendritic cells exposed to nicotine produce lower con-
centrations of IL-1�, IL-10, TNF-�, and IL-12. Also, etha-
nol affects antigen-presenting cell function by decreas-
ing IL-12.59,74 APC-produced IL-12 is important for the
development of Th175 and the inhibition of Th2,76 and it
plays a key role in the ethanol-induced alteration of
immune responses.15,16,59 Therefore, the effects of eth-
anol on T-cell interaction might have been influenced by
nicotine in the same manner in our study, although only
for TNF-� was a significant difference found for the
combination of both addictions.

Intercurrent Complications
In this study, AWS developed in 6 of 17 alcohol-depen-

dent patients despite prophylactic treatment. Fourteen
patients were alcohol abusers and did not require pro-
phylaxis. The relation between alcohol-dependent pa-
tients and alcohol abusers, and the incidence of AWS in
alcohol-dependent patients is in accord with previous
studies.2,12,69 Which pharmacologic intervention is used
has a minor impact, but that any intervention is used has
a major impact on outcome.12,32,77 Prophylactic treat-
ment decreases the risk of postoperative infections and
improves outcome.2

The primary task in terms of perioperative assessment
is to determine the level of alcohol consumption.2,11,12

In accord with other studies and our own studies, we
considered a level of 60 g/day as relevant for postoper-
ative complications.11,12 Besides the accepted laboratory
markers for long-term abuse, such as �-glutamyl-trans-
ferase, carbohydrate-deficient transferrin, and mean cor-
puscular volume,12 the use of short-term consumption
markers is clinically extremely relevant because contin-
ued preoperative abuse is associated with an increased
rate of postoperative complications.77 In our patients,
we did not find any positive blood alcohol levels imme-
diately before surgery.

In conclusion, the lower preoperative Th1:Th2 ratio
was relevant for the immediate postoperative suppres-
sion of the Tc1:Tc2 ratio in long-term alcoholic patients
as well as a decreased IFN-�:IL-10 ratio from lipopolysac-
charide-stimulated whole blood cells. Despite the fact
that preoperative IL-1� plasma concentrations were in-
creased, this was accompanied by increased IL-1ra con-
centrations from lipopolysaccharide-stimulated whole
blood cells. After surgery, IL-1� was not different be-
tween groups, but IL-1ra from lipopolysaccharide-stimu-
lated whole blood cells was still increased. Therefore, a
preoperative and immediate postoperative alteration of
the immune function was evident in long-term alcoholic

Table 6. Postoperative Infections with Respect to Alcoholism
and Smoking

Long-term Alcoholics
(n � 31)

Nonalcoholics
(n � 23) P Value

Infection
Smokers 14/25 (56%) 3/12 (25%) 0.070
Nonsmokers 3/6 (50%) 3/11 (27%) 0.350

Pneumonia
Smokers 9/25 (36%) 1/12 (8%) 0.017*
Nonsmokers 2/6 (33%) 0/11 (0%) 0.210

Tracheobronchitis
Smokers 11/25 (44%) 3/12 (25%) 0.265
Nonsmokers 1/6 (17%) 1/11 (9%) 0.640

Urinary tract infections
Smokers 1/25 (4%) 1/12 (8%) 0.580
Nonsmokers 2/6 (33%) 0/11 (0%) 0.041*

Wound infections
Smokers 8/25 (32%) 0/12 (0%) 0.027*
Nonsmokers 1/6 (17%) 2/11 (18%) 0.940

Data are presented as No. (� frequency).

* P � 0.05.
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patients undergoing aerodigestive tract surgery. Because
infections occurred twice as often in long-term alcoholic
patients as in nonalcoholic patients, interventional strat-
egies directed to increase the immune competence of
long-term alcoholic patients might help to improve
outcome.

The authors thank their colleagues Norman Dubisz, M.D. Dr. med., Peter
Rosenberger, M.D. Dr. med., Hilke Otter, M.D. Dr. med., Markus Rudeck, M.D.
Dr. med., Tim Neumann, M.D. Dr. med., Jan-Philipp Breuer, M.D. Dr. med., and
Katharina Hagemann, cand. med., as well as Jordan Rettig, Ph.D., a native
American speaker (all from the Department of Anesthesiology and Intensive Care
Medicine, Charité–Universitätsmedizin Berlin, Campus Mitte, Berlin, Germany),
for the help with the study and the manuscript.

References

1. Moore RD, Bone LR, Geller G, Mamon JA, Stokes EJ, Levine DM: Prevalence,
detection, and treatment of alcoholism in hospitalized patients. JAMA 1989;
261:403–7

2. Spies CD, Nordmann A, Brummer G, Marks C, Conrad C, Berger G, Runkel
N, Neumann T, Mueller C, Rommelspacher H, Specht M, Hannemann L, Striebel
HW, Schaffartzik W: Intensive care unit stay is prolonged in chronic alcoholic
men following tumor resection of the upper digestive tract. Acta Anaesthesiol
Scand 1996; 40:649–56

3. Spies CD, Neuner B, Neumann T, Blum S, Muller C, Rommelspacher H,
Rieger A, Sanft C, Specht M, Hannemann L, Striebel HW, Schaffartzik W: Inter-
current complications in chronic alcoholic men admitted to the intensive care
unit following trauma. Intensive Care Med 1996; 22:286–93

4. Seitz HK, Simanowski UA: Ethanol and carcinogenesis of the alimentary
tract. Alcohol Clin Exp Res 1986; 10:33S–40S

5. Blot WJ, McLaughlin JK, Winn DM, Austin DF, Greenberg RS, Preston-Martin
S, Bernstein L, Schoenberg JB, Stemhagen A, Fraumeni JF Jr: Smoking and
drinking in relation to oral and pharyngeal cancer. Cancer Res 1988; 48:3282–7

6. Prior P: Long-term cancer risk in alcoholism. Alcohol Alcohol 1988; 23:
163–71

7. Herve C, Gaillard M, Roujas F, Huguenard P: Alcoholism in polytrauma.
J Trauma 1986; 26:1123–6

8. Soderstrom CA, Smith GS, Dischinger PC, McDuff DR, Hebel JR, Gorelick
DA, Kerns TJ, Ho SM, Read KM: Psychoactive substance use disorders among
seriously injured trauma center patients. JAMA 1997; 277:1769–74

9. Tonnesen H, Petersen KR, Hojgaard L, Stokholm KH, Nielsen HJ, Knigge U,
Kehlet H: Postoperative morbidity among symptom-free alcohol misusers. Lancet
1992; 340:334–7

10. Tonnesen H: The alcohol patient and surgery. Alcohol Alcohol 1999;
34:148–52

11. Tonnesen H, Kehlet H: Preoperative alcoholism and postoperative mor-
bidity. Br J Surg 1999; 86:869–74

12. Spies CD, Rommelspacher H: Alcohol withdrawal in the surgical patient:
Prevention and treatment. Anesth Analg 1999; 88:946–54

13. Peterson JD, Herzenberg LA, Vasquez K, Waltenbaugh C: Glutathione
levels in antigen-presenting cells modulate Th1 versus Th2 response patterns.
Proc Natl Acad Sci U S A 1998; 95:3071–6

14. Waltenbaugh C, Vasquez K, Peterson JD: Alcohol consumption alters
antigen-specific Th1 responses: Mechanisms of deficit and repair. Alcohol Clin
Exp Res 1998; 22:220S–3S

15. Zisman DA, Strieter RM, Kunkel SL, Tsai WC, Wilkowski JM, Bucknell KA,
Standiford TJ: Ethanol feeding impairs innate immunity and alters the expression
of Th1- and Th2-phenotype cytokines in murine Klebsiella pneumonia. Alcohol
Clin Exp Res 1998; 22:621–7

16. Abbas AK, Murphy KM, Sher A: Functional diversity of helper T lympho-
cytes. Nature 1996; 31:787–93

17. Murphy KM, Ouyang W, Farrar JD, Yang J, Ranganath S, Asnagli H,
Afkarian M, Murphy TL: Signaling and transcription in T helper development.
Annu Rev Immunol 2000; 18:451–94

18. Laso FJ, Iglesias-Osma C, Ciudad J, Lopez A, Pastor I, Orfao A: Chronic
alcoholism is associated with an imbalanced production of Th-1/Th-2 cytokines
by peripheral blood T cells. Alcohol Clin Exp Res 1999; 23:1306–11

19. Ito N, Nakamura H, Tanaka Y, Ohgi S: Lung carcinoma: Analysis of T helper
type 1 and 2 cells and T cytotoxic type 1 and 2 cells by intracellular cytokine
detection with flow cytometry. Cancer 1999; 85:2359–67

20. Brune IB, Wilke W, Hensler T, Holzmann B, Siewert JR: Downregulation of
T helper type 1 immune response and altered pro-inflammatory and anti-inflam-
matory T cell cytokine balance following conventional but not laparoscopic
surgery. Am J Surg 1999; 177:55–60

21. Meert KL, Ofenstein JP, Sarnaik AP: Altered T cell cytokine production
following mechanical trauma. Ann Clin Lab Sci 1998; 28:283–8

22. Mack VE, McCarter MD, Naama HA, Calvano SE, Daly JM: Candida infec-

tion following severe trauma exacerbates Th2 cytokines and increases mortality.
J Surg Res 1997; 69:399–407

23. Berguer R, Bravo N, Bowyer M, Egan C, Knolmayer T, Ferrick D: Major
surgery suppresses maximal production of helper T-cell type 1 cytokines without
potentiating the release of helper T-cell type 2 cytokines. Arch Surg 1999;
134:540–4

24. Serbina NV, Lazarevic V, Flynn JL: CD4(�) T cells are required for the
development of cytotoxic CD8(�) T cells during Mycobacterium tuberculosis
infection. J Immunol 2001; 167:6991–7000

25. Guo Z, Kavanagh E, Zang Y, Dolan SM, Kriynovich SJ, Mannick JA, Lederer
JA: Burn injury promotes antigen-driven Th2-type responses in vivo. J Immunol
2003; 171:3983–90

26. Spolarics Z, Siddiqi M, Siegel JH, Garcia ZC, Stein DS, Denny T, Deitch EA:
Depressed interleukin-12-producing activity by monocytes correlates with ad-
verse clinical course and a shift toward Th2-type lymphocyte pattern in severely
injured male trauma patients. Crit Care Med 2003; 31:1722–9

27. McMichael AJ, Rowland-Jones SL: Cellular immune responses to HIV.
Nature 2001; 410:980–7

28. Ahlers JD, Belyakov IM, Thomas EK, Berzofsky JA: High-affinity T helper
epitope induces complementary helper and APC polarization, increased CTL, and
protection against viral infection. J Clin Invest 2001; 108:1677–85

29. Altfeld M, Rosenberg ES: The role of CD4(�) T helper cells in the cyto-
toxic T lymphocyte response to HIV-1. Curr Opin Immunol 2000; 12:375–80

30. Kawasaki T, Ogata M, Kawasaki C, Tomihisa T, Okamoto K, Shigematsu A:
Surgical stress induces endotoxin hyporesponsiveness and an early decrease of
monocyte mCD14 and HLA-DR expression during surgery. Anesth Analg 2001;
92:1322–6

31. Sander M, Irwin M, Sinha P, Naumann E, Kox WJ, Spies CD: Suppression
of interleukin-6 to interleukin-10 ratio in chronic alcoholics: Association with
postoperative infections. Intensive Care Med 2002; 28:285–92

32. Tilg H, Diehl AM: Cytokines in alcoholic and nonalcoholic steatohepatitis.
N Engl J Med 2000; 343:1467–76

33. Ewing JA: Detecting alcoholism: The CAGE questionnaire. JAMA 1984;
252:1905–7

34. Diagnostic and Statistical Manual of Mental Disorders DSM-IV-TR (text
revision), 4th edition. Washington, D.C., American Psychiatric Association, 2000

35. Spies CD, Dubisz N, Funk W, Blum S, Muller C, Rommelspacher H,
Brummer G, Specht M, Hannemann L, Striebel HW: Prophylaxis of alcohol
withdrawal syndrome in alcohol-dependent patients admitted to the intensive
care unit after tumour resection. Br J Anaesth 1995; 75:734–9

36. Coskun H, Erisen L, Basut O: Factors affecting wound infection rates in
head and neck surgery. Otolaryngol Head Neck Surg 2000; 123:328–33

37. Halle E, Göbel UB, Kastrup M, Spies C: Antimicrobial therapy, Check-up
Anesthesiology. Edited by Kox WJ, Spies C. Berlin, Heidelberg, Springer, 2003,
pp 446–8

38. Knaus WA, Wagner DP, Draper EA, Zimmerman JE, Bergner M, Bastos PG,
Sirio CA, Murphy DJ, Lotring T, Damiano A: The APACHE III prognostic system:
Risk prediction of hospital mortality for critically ill hospitalized adults. Chest
1991; 100:1619–36

39. Marshall JC, Cook DJ, Christou NV, Bernard GR, Sprung CL, Sibbald WJ:
Multiple organ dysfunction score: A reliable descriptor of a complex clinical
outcome. Crit Care Med 1995; 23:1638–52

40. Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM: CDC definitions for
nosocomial infections, 1988. Am J Infect Control 1988; 16:128–40

41. Chastre J, Fagon JY: Ventilator-associated pneumonia (review). Am J Re-
spir Crit Care Med 2002; 165:867–903

42. Prevention of sudden death from ventricular arrhythmia. Canadian Cardio-
vascular Society 1999 Consensus Conference. Can J Cardiol 2000; 16(suppl
C):1–94

43. Tanser P: 2000 Revision of the Canadian Cardiovascular Society 1997
Consensus Conference on the Evaluation and Management of Chronic Ischemic
Heart Disease. Can J Cardiol 2000; 16:1513–36

44. Therrien J, Warnes C, Daliento L, Hess J, Hoffmann A, Marelli A, Thilen U,
Presbitero P, Perloff J, Somerville J, Webb GD: Canadian Cardiovascular Society
Consensus Conference 2001 update: Recommendations for the management of
adults with congenital heart disease: III. Can J Cardiol 2001; 17:1135–58

45. Cassem NH: Psychiatric problems of the critically ill patient, Textbook of
Critical Care. The Society of Critical Care Medicine. Edited by Shoemaker WC,
Ayres S, Grenvik A. Philadelphia, Saunders, 1989, pp 1404–14

46. Mayo-Smith MF: Pharmacological management of alcohol withdrawal: A
meta-analysis and evidence-based practice guideline. American Society of Addic-
tion Medicine Working Group on Pharmacological Management of Alcohol With-
drawal. JAMA 1997; 278:144–51

47. Brunner E, Domhof S, Langer F: Non-parametric Analysis of Longitudinal
Data in Factorial Experiments. New York, Wiley & Sons, 2002

48. Metz CE: Basic principles of ROC analysis. Semin Nucl Med 1978;
8:283–98

49. Schodde H, Hurst S, Munroe M, Barrett T, Waltenbaugh C: Ethanol inges-
tion inhibits cell-mediated immune responses of unprimed T-cell receptor trans-
genic mice. Alcohol Clin Exp Res 1996; 20:890–9

50. Szabo G, Mandrekar P, Dolganiuc A, Catalano D, Kodys K: Reduced
alloreactive T-cell activation after alcohol intake is due to impaired monocyte

1099IMMUNITY AND POSTOPERATIVE INFECTIONS IN ALCOHOLICS

Anesthesiology, V 100, No 5, May 2004

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/100/5/1088/354143/0000542-200405000-00010.pdf by guest on 20 M
arch 2024



accessory cell function and correlates with elevated IL-10, IL-13, and decreased
IFN-gamma levels. Alcohol Clin Exp Res 2001; 25:1766–72

51. Charlton B, Fathman CG, Slattery RM: Th1 unresponsiveness can be
infectious for unrelated antigens. Immunol Cell Biol 1998; 76:173–8

52. Decker D, Lindemann C, Springer W, Low A, Hirner A, von Ruecker A:
Endoscopic vs conventional hernia repair from an immunologic point of view.
Surg Endosc 1999; 13:335–9

53. Mack VE, McCarter MD, Naama HA, Calvano SE, Daly JM: Dominance of
T-helper 2-type cytokines after severe injury. Arch Surg 1996; 131:1303–8

54. Kehlet H: Multimodal approach to control postoperative pathophysiology
and rehabilitation. Br J Anaesth 1997; 78:606–17

55. Tonnesen H, Kaiser AH, Nielsen BB, Pedersen AE: Reversibility of alcohol-
induced immune depression. Br J Addict 1992; 87:1025–8

56. Zedler S, Faist E, Ostermeier B, von Donnersmarck GH, Schildberg FW:
Postburn constitutional changes in T-cell reactivity occur in CD8� rather than in
CD4� cells. J Trauma 1997; 42:872–80

57. Mosman R, Sad S: The expanding universe of T-cell subsets: Th1, Th2 and
more. Rev Immunol Today 1996; 17:138–46

58. von Heymann C, Langenkamp J, Dubisz N, von Dossow V, Schaffartzik W,
Kern H, Kox WJ, Spies C: Posttraumatic immune modulation in chronic alcohol-
ics is associated with multiple organ dysfunction syndrome. J Trauma 2002;
52:95–103

59. Girouard L, Mandrekar P, Catalano D, Szabo G: Regulation of monocyte
interleukin-12 production by acute alcohol: A role for inhibition by interleukin-
10. Alcohol Clin Exp Res 1998; 22:211–6

60. Hensler T, Heidecke CD, Hecker H, Heeg K, Bartels H, Zantl N, Wagner H,
Siewert JR, Holzmann B: Increased susceptibility to postoperative sepsis in
patients with impaired monocyte IL-12 production. J Immunol 1998; 161:2655–9

61. Kelly JL, Lyons A, Soberg CC, Mannick JA, Lederer JA: Anti-interleukin-10
antibody restores burn-induced defects in T-cell function. Surgery 1997; 122:
146–52

62. Peterson JD, Vasquez K, Waltenbaugh C: Interleukin-12 therapy restores
cell-mediated immunity in ethanol-consuming mice. Alcohol Clin Exp Res 1998;
22:245–51

63. Kolls JK, Lei D, Stoltz D, Zhang P, Schwarzenberger PO, Ye P, Bagby G,
Summer WR, Shellito JE, Nelson S: Adenoviral-mediated interferon-gamma gene
therapy augments pulmonary host defense of ethanol-treated rats. Alcohol Clin
Exp Res 1998; 22:157–62

64. Rantala A, Lehtonen OP, Niinikoski J: Alcohol abuse: A risk factor for
surgical wound infections? Am J Infect Control 1997; 25:381–6

65. Fernandez-Sola J, Junque A, Estruch R, Monforte R, Torres A, Urbano-
Marquez A: High alcohol intake as a risk and prognostic factor for community-
acquired pneumonia. Arch Intern Med 1995; 155:1649–54

66. Spies C, Tonnesen H, Andreasson S, Helander A, Conigrave K: Periopera-
tive morbidity and mortality in chronic alcoholic patients. Alcohol Clin Exp Res
2001; 25:164S–70S

67. Jong GM, Hsiue TR, Chen CR, Chang HY, Chen CW: Rapidly fatal outcome
of bacteremic Klebsiella pneumoniae pneumonia in alcoholics. Chest 1995;
107:214–7

68. Christou NV: Host-defence mechanisms in surgical patients: A correlative
study of the delayed hypersensitivity skin-test response, granulocyte function and
sepsis. Can J Surg 1985; 28:39–46, 49

69. Jayr C, Matthay MA, Goldstone J, Gold WM, Wiener-Kronish JP: Preoper-
ative and intraoperative factors associated with prolonged mechanical ventila-
tion: A study in patients following major abdominal vascular surgery. Chest 1993;
103:1231–6

70. Bluman LG, Mosca L, Newman N, Simon DG: Preoperative smoking habits
and postoperative pulmonary complications. Chest 1998; 113:883–9

71. Møller A, Villebro N, Tønnesen H: Effect of preoperative smoking inter-
vention on postoperative complications: A randomized clinical trial. Lancet 2002;
359:114–7

72. Slovinski S, Moshinski P: Cellular immunity in cigarette smokers. Lab Delo
1989; 9:55–8

73. Nouri-Shirazi, Guinet E: Evidence for the immunosuppressive role of
nicotine on human dendritic cell functions. Immunology 2003; 109:365–73

74. Banchereau J, Steinman RM: Dendritic cells and the control of immunity.
Nature 1998; 392:245–52

75. Macatonia SE, Hsieh CS, Murphy KM, O’Garra A: Dendritic cells and
macrophages are required for Th1 development of CD4� T cells from alpha beta
TCR transgenic mice: IL-12 substitution for macrophages to stimulate IFN-gamma
production is IFN-gamma-dependent. Int Immunol 1993; 5:1119–28

76. Trinchieri G, Kubin M, Bellone G, Cassatella MA: Cytokine cross-talk
between phagocytic cells and lymphocytes: Relevance for differentiation/activa-
tion of phagocytic cells and regulation of adaptive immunity. J Cell Biochem
1993; 53:301–8

77. Hansbrough JF, Zapata-Sirvent RL, Carroll WJ, Johnson R, Saunders CE,
Barton CA: Administration of intravenous alcohol for prevention of withdrawal in
alcoholic burn patients. Am J Surg 1984; 148:266–9

1100 SPIES ET AL.

Anesthesiology, V 100, No 5, May 2004

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/100/5/1088/354143/0000542-200405000-00010.pdf by guest on 20 M
arch 2024


