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ABSTRACT

Rationale: Postoperative pneumonia is 3-to 4-times more frequent in patients with alcohol use
disorders followed by prolonged ICU stay. Long-term alcohol use leads to an altered
perioperative HPA axis and immunity. Objectives: The aim of this study was to evaluate HPA
intervention with low-dose ethanol, morphine, or ketoconazole on the neuroendocrine-immune
axis and development of postoperative pneumonia in long-term alcoholic patients. Methods: In
this randomized, double-blinded controlled study, 122 consecutive patients undergoing elective
surgery of aerodigestive tract cancer were included. Long-term alcohol use was defined as
consuming at least 60g ethanol daily and fulfilling the DSM-IV criteria for either alcohol abuse
or dependence. Non-alcoholic patients were included but considered only descriptive.
Perioperative intervention with low-dose ethanol (0.5g per kg bodyweight per day), morphine
(15ng per kg bodyweight per hour), ketoconazole (200mg four times daily) and placebo, was
started on the morning before surgery and continued for 3 days after surgery. Blood samples to
analyze the neuroendocrine-immune axis were obtained on the morning before intervention and
on days 1,3, and 7 after surgery. Measurements and Main Results: In long-term alcoholic
patients, all interventions decreased the postoperative hypercortisolism and prevented the
impaired cytotoxic lymphocyte ratio (Tcl/Tc2). All interventions decreased the pneumonia rate
from 39% to a median of 5.7% and shortened ICU stay in median by 9days compared to the
placebo-treated long-term alcoholic patients. Conclusions: Intervention of the HPA axis altered
the immune response to surgical stress. This resulted in decreased postoperative pneumonia rates

and shortened ICU stay in long-term alcoholic patients.
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INTRODUCTION

EVERY fifth patient admitted to a general hospital has an alcohol use disorder (1). In patients
undergoing surgery of the aerodigestive tract, the rate of alcohol abuse exceeds 50% (2-4).
Infections are reported to be more frequent among alcoholic patients compared to controls in
either medical or surgical settings (3, 5). Long-term alcoholic patients have a three- to fourfold
increased risk of infection after surgery (6). Due to this increased postoperative morbidity,
intensive care (ICU) treatment and overall hospital stay is prolonged (2, 6-8). Among all
infections, pneumonia is the most relevant and it is associated with a worse outcome for the
patient and increased hospital costs (2, 6, 8). The pneumonia rate reported from previous studies
is about 35% (8), which is strikingly high compared to 12.8% in ventilated medical-surgical ICU
patients (9).

Surgical trauma (10-12), alcohol-related injury (13), and cancer (14) result in an initial
proinflammatory response, after which a compensatory anti-inflammatory response ensues.
Imbalances between pro- and anti-inflammatory cytokines are reported under influence of alcohol
in experimental and clinical situations (8, 15-17). Disturbances of the stress axis are reported to
have a major impact on infections (15, 18). Hypercortisolism is reported in long-term alcoholic
patients after surgical stress (6, 19). In long-term alcoholic patients serum cortisol levels are
increased after surgical stress (6, 19). Long-term alcoholic patients are also characterized by a
lowered preoperative Th1/Th2 ratio before surgery, an immediate postoperative suppression of
the cytotoxic lymphocyte ratio (Tcl/Tc2) as well as a decreased IFN-y/IL-10 ratio in LPS-
stimulated whole blood cells (8). These immune abnormalities were associated with an increased

postoperative pneumonia rate (8).



Therefore, interventions at the level of the HPA axis might ameliorate the detrimental effects
of the altered neuroendocrine axis on this immunity. Ethanol at a low concentration (0.5g/kg/d)
has immune stimulating effects in an experimental model, as well as increased viral elimination
from liver tissue (20). In addition, ethanol in this low-dose was reported to inhibit the CRH
mediated ACTH-secretion (21). Morphine is a powerful inhibitor of the hypothalamus-pituitary-
adrenal axis by reducing ACTH- and cortisol response on CRH in the activated stress axis (22,
23). Ketoconazole (400-800mg/d) inhibits the hypothalamus-pituitary-adrenal axis based on the
inhibition of the adrenal cortisol synthesis clinically used to treat Cushing syndrome (24).

Currently, no study has investigated intervention of the HPA axis on postoperative stress
responses that may favorably modulate altered immunity effects in long-term alcoholic patients.
Morphine and ethanol may act on the HPA axis by central and peripheral means, whereas
ketoconazole is considered a peripheral renal adrenal blocker.

Therefore, the primary aims of this study were

1) to evaluate the neuroendocrine immune axis under intervention with morphine, ethanol,
ketoconazole, and placebo, respectively, in long-term alcoholic patients perioperatively
(labarotory outcome measure: postoperative hypercortisolism).

2) to determine if these interventions result in a decreased postoperative infection, in particular
pneumonia rate, in long-term alcoholic patients (clinical outcome measure: postoperative

pneumonia rate).

Some of the results of this study have been previously reported in form of an abstract (25).



METHODS
Patients
After approval of the institutional ethics committee and written informed consent, 141 patients
scheduled for aerodigestive cancer surgery were evaluated for this double-blind, randomized
controlled clinical trial with a retrospective post hoc analysis. Patients were not included in the
study if they had an unclear alcohol history, evidence of drug abuse, a body mass index < 20
kg/m?, any diagnosed infection the last 14 days before surgery, liver cirrhosis (Child B or C),
were human immunodeficiency virus positive (8, 26), were on corticosteroids, were mentally ill,
or were not admitted to an ICU after surgery. Due to these criteria, 13 patients had to be
excluded, 128 patients were included and gave their written informed. The study design is shown
in figure 1.
Patients were randomly assigned to the following four groups (n=32 per group), the day before
surgery:
e Placebo: intravenous (I.V.) and per os or enteral per gastric tube placebo medication.
e FEthanol: continuous 1.V. ethanol infusion (0.5 g/kg/day) and per os or enteral per
gastric tube placebo medication.
e Morphine: continuous 1.V. morphine infusion (15 pg/kg/h) and per os or enteral per
gastric tube placebo medication.
o Ketoconazole: ketoconazole (4 x 200 mg, Nizoral™) and prednisone (I x 5 mg at 6
a.m.; Decortin™) per os or enteral per gastric tube, and continuous intravenous
placebo infusion. According to the standard protocol for treatment of ectope cushing
syndrome, prednisone is required if patients are treated with ketoconazole to avoid

oversuppression of the HPA axis (24).



The non-alcoholic patients were only included as a descriptive control, and were not included in
the statistical analysis. The reason for that is that it was intended to have the cortisol levels of the
interventional group in a range of the non-alcoholic patients. However, this was as far as we
know never explored in this setting and either oversuppression or not adequate suppression could
have occurred. Therefore, we randomized these non-alcoholic patients during the study period.
Due to the fact that the prevalence of long-term alcoholic patients scheduled for surgery in our
setting is described to be approximately 50% (2, 8) it was assumed that this would result in
approximately n=16 long-term alcoholic patients per treatment groups.

After inclusion, 6 patients had to be excluded because they were not admitted to the ICU (n=5) or
refused postoperative blood drawing (n=1).

Long-term alcoholic patients had a daily intake of at least 60g ethanol per day for at least 1 yr

preoperatively and fulfilled the Diagnostic and Statistical Manual of Mental Disorders (fourth
edition; DSM-1V) (27) criteria for either alcohol dependence or alcohol abuse. We used the same
cut-off (>60g ethanol per day) regardless of the gender (3,6,8). Patients drinking less than 60g/d
and not-fulfilling the DSM-IV criteria were included in the non-alcoholic group (2). Data
regarding the non-alcoholic patients and additional detail on the method for making these
measurements is provided in an online data supplement.

Infusion rate for all patients was 37 ml/hr. According to the study protocol, study medication
in all groups was started on the morning before surgery and continued until the third
postoperative day. In case of hypocortisolemia (< 100 nmol/L) after starting treatment with any
intervention, 100 mg I.V. hydrocortisone was given over 30 min, followed by continuous I.V.
infusion at a rate of 0.18 mg/kg/hr. All patients received standardized anesthesia with isoflurane,
fentanyl, and cis-atracurium. All alcohol-dependent patients received prophylactic treatment with

midazolam (7).



Blood samples were drawn on the morning before surgery and on days 1, 3, and 7 between
7:00 a.m. and 10.00 a.m. after surgery. In addition, cortisol was also assessed on the day of
surgery and on day 2 after surgery to determine if patients required prednisone replacement. The
method for determination of Th1/Th2 and Tc1/Tc2 ratios, IFN-y and IL-10 from LPS-stimulated
whole blood cells as well as cortisol were described in a previous publication (8). Additional
details on the method for making these measurements is provided in the online data supplement.
Alcohol-related laboratory data, including mean corpuscular volume, gamma-glutamyl-
transferase and carbohydrate-deficient transferrin, were obtained on admission to the hospital (7).

Postoperatively in the ICU, the Acute Physiology and Chronic Health Evaluation Score I1I
(APACHE III) (28), Multiple Organ Failure Score (MOF) (29), as well as ventilatory needs and
the length of stay were documented. All infections were diagnosed according to the criteria
recommended by the Center for Disease Control and Prevention (30) and the frequency of
patients who had any infection was documented. 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 (31). Additional detail is provided in the online data supplement. The differential diagnosis
of alcohol withdrawal syndrome (AWS) was made according to the Clinical Institute Withdrawal
Assessment for Alcohol-Revised (CIWA-Ar) scale (32). Treatment of AWS was guided to

achieve a CIWA-Ar less than 20 (33).

Statistical Analyses
All data were expressed as median and interquartiles. Nonparametric multivariate analysis of
variance (MANOVA) for repeated measurements in a two-factorial design (1* factor (group):

interventions versus placebo, 2" factor (time)) (34), the Mann-Whitney-U test and Fisher’s exact
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test were used. Diagnostic test performance was evaluated by receiver operating characteristics
analysis (35). A p<0.05 was considered significant. The analyses were carried out with SAS for
WINDOWS, Release 8.02 (SAS Institute Inc., Cary, NC, USA).

We calculated the sample size on the basis of postoperative infection rates for long-term
alcoholic patients and non-alcoholic patients (17). Assuming comparable infection rates for non-
alcoholic patients and treated long-term alcoholic patients versus placebo-treated long-term
alcoholic patients, we calculated 16 patients per group (altogether 48 treated alcoholic patients
and 16 with placebo) with o = 5% and a power of 80% (two-sided y” test). Having the final
results from this study with respect to the cortisol levels, overall infections, and pneumonia, we
performed a power analysis in the group of long-term alcoholic patients. The non-parametric
Mann- Whitney U-test and the %~ test, respectively, with a (two-sided) alpha of 5% and sample
sizes of 18 (placebo) versus 18+16+19=53 (treatment) showed a power of 91% regarding the
laboratory outcome variable cortisol (day 1 after surgery: 1182.2+999.1 versus 337.8+£180.4),
95% regarding the clinical outcome overall infections (50% versus 7.5%), and 87% with
pneumonia (38.9 versus 5.7%), respectively, in long-term alcoholic patients. All calculations
were conducted with the help of nQuery Advisor® Release 6.0, Stat. Solutions Ltd. & South

Bank, Crosse’s Green, Cork, Ireland.

RESULTS
The basic characteristics of patients did not differ between interventional and placebo-treated
long-term alcoholic patient groups. Alcohol-related diagnosis and alcohol-related laboratory data

is provided in Table 1. No patient had any signs of infection on the day of surgery.



Preoperative cortisol levels for alcoholic patients was 411 (309-504) nmol/l. Perioperative
intervention with ethanol, morphine or ketoconazole prevented the postoperative cortisol increase
in long-term alcoholic patients compared to their placebo-treated controls (Figure 2).

Preoperative Th1/Th2 ratio was 12.4 (7.2-21.9) and Tc1/Tc2 ratio was 28.3 (15.5-82.4) in
long-term alcoholic patients. Postoperatively, Th1/Th2 ratios and Tc1/Tc2 ratios were suppressed
in placebo-treated long-term alcoholic patients. Any intervention ameliorated the postoperative
suppression of the Th1/Th2 ratio in long-term alcoholic patients. However, the difference was not
significant (Figure 3). The postoperative suppression of the Tc1/Tc2 ratio in long-term alcoholic
patients was prevented by any intervention (Figure 3). IFN-y/IL-10 ratio did not differ between
long-term alcoholic groups and did not change at all during the study period (Table 2).

ROC analysis revealed that cortisol as well as Th1/Th2 and Tc1/Tc2 ratio was predictive of the
later onset of pneumonia in long-term alcoholic patients (Table 3).

The Acute Physiology and Chronic Health Evaluation scoring (APACHE III) on admission to
the ICU did not differ between long-term alcoholic patient groups (Table 4). Placebo-treated
long-term alcoholic patients had an increased postoperative overall infection rate, in particular
pneumonia rate (7/18 = 39%) which occurred in median on day 4 (3-5) after surgery. All
interventions decreased the pneumonia rate in long-term alcoholic patients (Table 4). Only one
placebo-treated and one ketoconazole-treated long-term alcoholic patient developed urinary tract
infection postoperatively. Placebo-treated long-term alcoholic patients had a tendency to develop
more wound infections (4/18 = 22%) compared with any of the intervention groups (1/18 = 6%
ethanol, 1/16 = 6% morphine, 1/19 = 5% ketoconazole). Moreover, 3 patients in the placebo-
treated and 3 patients in the ketoconazole-treated group developed AWS. ICU stay was
significantly prolonged in the placebo-treated long-term alcoholic patients compared to any of the

intervention groups (Table 4).
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DISCUSSION

The most important result of this study was that interventions that targeted the HPA axis to
prevent hypercortisolism in long-term alcoholic patients and altered postoperative T-cell
mediated immunity resulted in a decreased postoperative pneumonia rate and a reduced ICU stay.
Our results support the hypothesis that therapeutic interventions at the neuroendocrine level
provide therapeutic benefit in long-term alcoholic patients undergoing major surgery by affecting
neuro-immune regulatory pathways.

To the best of our knowledge, this is the first study to demonstrate that a perioperative
intervention with ethanol, morphine or ketoconazole significantly prevented hypercortisolism in
long-term alcoholic patients after aerodigestive tract surgery. Ethanol, morphine and
ketoconazole might have influenced the HPA axis on different levels. Low-dose ethanol inhibits
the signal transduction between the hypothalamus and pituitary (21). In a clinical study, ethanol
infusion significantly decreased cortisol levels in early withdrawal (36). Morphine is considered
to act via negative feedback on the activated HPA axis, POMC synthesis and liberation of
derived peptides such as ACTH from the pituitary (37). In a clinical investigation, Rittmaster (23)
showed that morphine (0.14-10mg/kg) diminished the ACTH- and cortisol response to CRF.
Ketoconazole inhibits cortisol synthesis in the adrenal glands (24). With a dose of 400 to 800 mg,
ketoconazole significantly reduced plasma- and urine concentrations of cortisol in patients with
Cushing-syndrome of different aetiology (24). Our observation of blunted cortisol levels in
ethanol, morphine or ketoconazole treated long-term alcoholic patients suggests that similar
mechanisms were likely involved.

The preferential induction of Th2 versus Thl immune response, suggested in long-term

alcoholic patients before surgery, is associated with a reduced DTH reaction shown previously (6,
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8). Surgery can amplify to the ethanol-induced altered immune response as both alter Th1/Th2
and Tcl/Tc2 ratios in the same manner (10, 11, 38, 39). In vitro studies suggested that doses of
0.5 g/kg/day of ethanol may be immunoprotective (20) and may stop the induction and increase
of Th2 cells. Higher ethanol doses may be immunodepressant (7, 20). Morphine treatment usually
promotes Th2 differentiation (39), but patients with alcohol use disorders probably have a lack of
endogenous opioids under stress (40), which might influence T cell ratios on one hand
independent of stress response (41), on the other hand increasing stress and decreasing Th1/Th2
ratios further on (42). Ketoconazole might suppress T helper-2 function by reducing interleukin-4
and interleukin-5 secretion in anti-CD3/CD28-stimulated T cells from both atopic dermatitis
patients and normal donors (43). Interestingly, the effect of ketoconazole on lymphocyte function
is not only a direct one in presence of monocytes (44). The perioperative prevention of
hypercortisolismus in long-term alcoholic patients seemed to shift the immune response towards
Thl and Tcl cells. Similar findings were reported by a previous study in which it was suggested
that low cortisol levels of healthy humans during early nocturnal sleep enhanced Thl cytokine
activity (45).

In long-term alcoholic patients the IFN-y/IL-10 ratio was low during the whole study period.
IFN-y promotes the differentiation of precursors into Thl or Tcl cells, whereas IL-10 induces the
generation of Th2 or Tc2 cells. Furthermore, IL-10 plays a key role in mediating the
immunosuppression in surgical trauma (46) and is enhanced immediately after surgery in long-
term alcoholic patients (17). The production of IFN-y is thought to be deactivated by major
surgical trauma (47). It is well-known that the influence of ethanol on cellular immunity is dose
dependent (20). IFN-y, as a T-cell product und monocyte activator, is able to inhibit IL-10

production in alcohol treatment (48). Decreased production of IL-10 stimulated by LPS after
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morphine administration was shown in vivo in mice (49). Low doses of morphine may have a
direct bearing on the resolution and complete elimination of infection, whereas high doses result
in suppression of the macrophages (50). It has been reported that ketoconazole does not influence
IFN-y secretion (51) or reduce synthesis (44). In our study none of the interventions led to
significant changes of the IFN-y/IL-10 ratio in long-term alcoholic patients.

In the present study, we demonstrated to the best of our knowledge for the first time, that with

ethanol, morphine and ketoconazole interventions, postoperative intercurrent infections were
significantly reduced compared with placebo-treated long-term alcoholic patients, followed by
significantly reduced ICU stays in these patients. Ethanol- and morphine-treated long-term
alcoholic patients showed a statistically significant lower pneumonia rate, whereas ketoconazole-
treated patients showed a non-significant trend toward a lower rate. In this study, 6 out of 71
alcohol dependent patients (3 patients out of placebo-group and 3 patients out of ketoconazole-
group) developed AWS despite prophylactic treatment. Possibly due to the fact that ketoconazole
is not centrally mediated, it might not have influenced the development of AWS.
Postoperatively, cortisol as well as the T-cell mediated immune reactivity was predictive of later
onset of pneumonia in this limited sample of long-term alcoholic patients. It is known that
elevated cortisol levels result in immune suppression and are associated with an increased
incidence of infection rates (52). In all of the intervention groups, long-term alcoholic patients
showed a preserved T-cell mediated immunity. This might be considered an adaptation to
maintain effective immunity and progression of infection (12, 53) and might be another hint that
“helpless” cytotoxic T-cells might be one important fact in the development of postoperative
infections (54).

The limitations of this study are that
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e First, smoking might have affected the immune response and is reported to have an
impact on infectious outcome (55). However in our patients we did not observe any
differences between smoking and non-smoking long-term alcoholic patients regarding the
investigated neuro-endocrine immune responses or outcome.

e Secondly, other stress axis interventions like sympathicolysis were not considered for this
study, and might have given similar results. This is in particular of interest because only
with the centrally acting HPA axis a significant effect was seen on the pneumonia rate.
Peripheral HPA blocking with ketoconazole only showed a trend., i.e. centrally interfering
systems besides HPA axis might be involved (19).

e Thirdly, the majority of our patients was male and had a median age of 55 (50-60) years.
The immune system might differ between genders. However, with the limitation of a
small number of females in our study, we did not observe any differences between female
and male long-term alcoholic patients.

e Fourthly, the immune system might have been already influenced by the cancer diagnosis.
However, patients were not malnourished, and T4 stages are not scheduled for surgery in
our hospital (only palliative care).

e Fifthly, only a few neuro-endocrine immune parameters e.g. out of the more than 140
known chemokines were measured. Therefore, we are not able to conclude whether any
other marker might have been more valuable to be predictive for the later onset of
infections.

In conclusion, this is the first study to the best of our knowledge showing that perioperative
intervention with low-dose ethanol, morphine or ketoconazole prevented hypercortisolism in

long-term alcoholic patients after aerodigestive tract tumor resection. The hypercortisolism was
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associated with an altered T-cell mediated immune reactivity and an increased postoperative
infection rate. Our study suggests that perioperative intervention on the neuro-endocrine immune
axis in long-term alcoholic patients might prevent postoperative pneumonia and should,

therefore, be considered in patients with alcohol use disorders before the onset of major surgery.
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Figure legends

Figure 1: Flow cart of the study design (LTA = long-term alcoholic patients; NA = non-alcoholic
patients).

Figure 2: Perioperative cortisol values in long-term alcoholic patients. Groups: placebo, ethanol,
morphine and ketoconazole.

Figure 3: Relative changes of Th1/Th2 (Panel A) and Tcl/Tc2 ratios (Panel B) in long-term
alcoholic patients. Groups: placebo, ethanol, morphine, and ketoconazole.

The presented data are given as median (quartiles 25-75). * p <0.05.
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TABLE 1:

PARAMETERS IN LONG-TERM ACLOHOLIC PATIENTS

BASIC PATIENT CHARACTERISTICS AND ALCOHOL RELATED

Ethanol Morphine Ketoconazole Placebo p
(n=18) (n=16) (n=19) (n=18)

Age (yr) 57 (49-61) 54 (50-61) 56 (44-60) 55 (52-61) 0.82
Gender 14/4 12/4 17/2 16/2 0.43
(Male/Female)
BMI* (kg/m) 24 (21-28) 21 (18-27) 23 (20-26) 23 (20-25) 0.38
Current Smoking (n) 11 (61%) 11 (69%) 15 (79%) 12 (67%) 0.41
Ethanol 70 (60-135) 70 (60-106) 70 (60-130) 78 (60-120) 0.94
Consumption (g/d)
CAGE** 3(2-3) 3(2-4) 3(2-4) 3(2-3) 0.71
CDT7 (%) 8.2(5.5-12.9) | 9.4(5.7-13.1) | 9.4(6.8-12.9) | 7.3(6.1-12.1) | 0.88
GGTT7 (U/L) 43 (24-188) 41 (26-130) 27 (10-87) 30 (18-78) 0.32
MCVi (fl) 103 (96-107) 99 (03-101) 100 (94-103) 96 (90-100) 0.07
ASATif (U/L) 14 (9-21) 13 (9-31) 11 (7-18) 13 (9-36) 0.74
ALAT § (U/L) 13 (8-27) 18 (10-35) 12 (6-27) 10 (6-21) 0.57
BACSS (g/1) 0(0) 0(0) 0 (0-0.14) 0 (0-0.06) >0.99

Data are presented as median (quartiles 25-75) or as No. (=frequency).

Definition of abbreviations: * BMI = body mass index; ** CAGE = alcoholism-associated questionnaire
(normal range 0-1); T CDT = carbohydrate-deficient transferring (0-5%); 11 GGT = y-glutamyl-transferase
(5-28 U/L); £ MCV = mean corpuscular volume (80-96 fl); 11 ASAT = aspartate aminotransferase (5-18
U/L); § ALAT = alanine aminotransferase (5-22 U/L); §§ BAC = blood alcohol concentration (normal
range 0.5-1.0 g/L).
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TABLE 2: IFN-y/IL-10 RATIO

Ethanol Morphine | Ketokonazole Placebo p
(n=18) (n=16) (n=19) (n=18)

On Admission 4 % 2% 3% 2% 0.66
(2%-8%) (2%-4%) (1%-5%) (1%-9%)

On Day 1 After Surgery 2% 1% 1% 1% 0.27
(1%-5%) (0%-2%) (0%-2%) (0%-1%)

On Day 3 After Surgery 3% 1% 2% 2% 0.54
(1%-5%) (0%-2%) (0%-3%) (1%-5%)

On Day 7 After Surgery 3% 2% 1% 2% 0.20

(2%-4%)

(1%-2%)

(0%-3%)

(1%-4%)
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TABLE 3: ROC-ANALYSES

PARAMETERS AND NOSOCOMIAL PNEUMONIA

BETWEEN NEURO-ENDOCRINE

IMMUNE

AUC* (CI*¥) p
Cortisol
Preoperative 0.67 (0.44-0.89) 0.11
1. day postoperative 0.70 (0.48-0.91) 0.05
3. day postoperative 0.74 (0.50-0.98) 0.02#
Th1/Th2 ratio
Preoperative 0.62 (0.43-0.81) 0.33
1. day postoperative 0.76 (0.59-0.93) 0.02#
3. day postoperative 0.57 (0.34-0.79) 0.54
Tc2/Tc2 ratio
Preoperative 0.56 (0.37-0.76) 0.60
1. day postoperative 0.76 (0.60-0.91) 0.02#
3. day postoperative 0.68 (0.52-0.84) 0.09
IFN-y/IL-10
Preoperative 0.64 (0.50-0.78) 0.16
1. day postoperative 0.64 (0.49-0.79) 0.15
3. day postoperative 0.55 (0.37-0.73) 0.59

Definition of abbreviations: * AUC: Area under the curve, ** CI: confidence interval

# p<0.05 significant
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TABLE 4: SCORES, ICU, HOSPITAL STAY AND POSTOPERATIVE COMPLICATIONS

Ethanol Morphine Ketoconazole Placebo p
(n=18) (n=16) (n=19) (n=18)

APACHE III * 20 (13-27) 21 (17-27) 18 (10-21) 21 (16-26) | 0.47

on admission

ICU Stay ** (d) 2 (1-2) 2 (1-3) 2 (1-10) 11 (2-18) <0.01#
E/P 0.01
M/P <0.01
K/P 0.04

Overall Infections 1 (6%) 1 (6%) 2 (11%) 9 (50%) <0.01#

(n) E/P <0.01
M/P <0.01
K/P <0.01

Pneumonia (n) 1 (6%) 0 (0%) 2 (11%) 7 (39%) <0.01#
E/P 0.03
M/P <0.01
K/P 0.05

Data are presented as median (quartiles 25-75) or as No. (=frequency).

Definition of abbreviations: * APACHE = acute physiology and chronic health evaluation; ** ICU =

intensive care unit.
# p<0.05
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METHODS

Patients

The patients’ history, basic patient characteristics as well as an alcoholism related
questionnaire, the CAGE Questionnaire, were obtained preoperatively (E1). The patients’
daily ethanol intake was documented. Patients with alcohol use disorders (AUD) had a daily
intake of at least 60g ethanol per day at least one year preoperatively and fulfilled the
Diagnostic and Statistical Manual of Mental Disorders (fourth edition; DSM-IV, (E2)) criteria
for alcohol abuse or dependence. Due to the fact, that in previous studies postoperative
outcome did not differ between social drinkers drinking 20 - 59 g/d and those patients with an
ethanol intake less than 20 g per day, in this study all patients drinking less than 60 g/d and
not-fulfilling the DSM-1V criteria were referred to the non-alcoholic group (E3).

All patients underwent surgery of the aerodigestive tract and received standardized anesthesia
with isoflurane, fentanyl, and cis-atracurium. Hemodynamic measurements including mean
arterial pressure as well as heart rate and temperature were taken. Hemodynamics was kept
within 20 % of baseline in all patients according to our standard protocol. Oxygenation index,
defined as PaO,/F;O,-ratio was determined and documented before surgery, and at each
measurement point if the patient was still in the ICU. The perioperative antibiotic prophylaxis
was  standardized (E4). All  patients were treated perioperatively  with
cefuroxime/metronidazole. They received a single dose of antibiotics intravenously
immediately before surgery started. If surgery proceedings lasted longer than four hours
patients received a second dose (E4). All alcohol-dependent patients received prophylactic

treatment with midazolam (ES).



Laboratory marker

Th1/Th2 and Tcl/Tc2 cytokine ratios from peripheral blood T-cells were analyzed by
flowcytometric measurement of intracellular cytokine production following in vitro whole
blood stimulation with phorbol-12-myristate-13-acetate (PMA) and ionomycin. The working
procedure was based on the protocol for flowcytometric measurement of intracellular
cytokine production (Fa. Becton Dickinson, Heidelberg, Germany). The method for cell
preparation, cell culture, stimulation, staining is described in a previous publication (E6).
According to the literature the ratios were given as percentages of:

Th1/Th2 ratio: % IFN-y CD3* CD4" / % IL-4 CD3" CDS8™ (Figures E1+E2);

Tc1/Tc2 ratio: % IFN-y CD3"CD8"/ % IL-4 CD3" CD8™".

To evaluate the pro- and antiinflammatory effects (Th1+ Tcl) / (Th2+Tc2) ratio were given.
Whole blood cells were stimulated with lipopolysaccharide (LPS) to produce the cytokines
IFN-y and IL-10, which were measured in the supernatant (Enzyme Immunoassay Kit;
Immunotech, Beckman Coulter Company, France), as described in a previous publication
(E6). Detection limits were: IFN-y: 0.08 U/ml (intra- and interassay coefficients of variation
6.0 % and 8.3 %); IL-10: 5 pg/ml (intra- and interassay coefficients of variation 3.0 % and 7.0
%).

Blood samples were collected in iced sterile tubes (EDTA—serum), and after centrifugation,
the supernatants were stored in liquid nitrogen at -70°C. Plasma cortisol concentrations were
analyzed using commercially available kits (Calibrator kit; Fa. Bayer Corporation, BGD,
Tarrytown, NY). The assay sensitivity was 5.5 nmol/ml, and the intraassay- and interassay

coefficients of variation were 3.1 % and 9.1 %, respectively.

Postoperatively, all patients were admitted to the ICU. Diagnosis, surgery, the Acute

Physiology and Chronic Health Evaluation Score III (APACHE III) (E7), and Multiple Organ



Failure Score (MOF) (ES8), as well as ventilatory needs and the length of ICU stay were
documented. In addition, infection criteria and other intercurrent complications such as
cardiac complications, bleeding disorders, as well as alcohol withdrawal syndrome were
recorded on a daily basis. All infections were diagnosed according to the criteria
recommended by the Centers for Disease Control and Prevention (E9) and the frequency of
patients who had any infection was documented. 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 (E10). A surgical 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 (E9). 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 (>10° microorganisms per cm?) (E9).

The microbiological screening was started on admission to ICU and was performed according
to clinical routine in case of clinical signs of infections and included routine nose, throat and
wound swabs as well as cultures from tracheal aspirate or bronchoalveolar lavage. The
antimicrobiological therapy was according to the specific sensitivity of the strains in these
microbiological screenings or calculated according to our standard operating procedures
(E11).

The differential diagnosis of alcohol withdrawal syndrome (AWS) was made according to the
Clinical Institute Withdrawal Assessment for Alcohol-Revised (CIWA-Ar) scale (E12). The

diagnosis was confirmed by a psychiatric consultation. The onset of AWS was documented in



the study protocol. All patients were treated with a benzodiazepine if AWS occurred.
Haloperidol was added if the patient developed productive-psychotic signs, and the o-2-
agonist clonidine was added if the patient had autonomic signs. In addition propofol infusion
was applicated for the night if necessary in a dose to achieve a Ramsay Sedation Scale of 2-3

(E13). Treatment of AWS was guided to achieve a CIWA-Ar less than 20 (E14 ,E15).



RESULTS (non-alcoholic patients):

The basic characteristics of non-alcoholic patients as well as alcohol-related diagnosis and
alcohol-related laboratory data of non-alcoholic patients did not differ between treatment
groups (Table E1). No patient had any signs of infection on the day of surgery.

Preoperative cortisol level for non-alcoholic patients was 397 (316-487) nmol/l.
Perioperative interventions with ethanol, morphine or ketoconazole did not change the
postoperative cortisol level in non-alcoholic patients (Figure E3).

The Acute Physiology and Chronic Health Evaluation scoring (APACHE III), the rate of
overall infections, the rate of pneumonia and the length of ICU and hospital stay did not differ

between treatment groups in non-alcoholic patients (Table E2).





























