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ABSTRACT

Objective
We compared the routine use of perioperative selective decontamination of the digestive 
tract (SDD) for elective gastrointestinal surgery with placebo in a randomized controlled 
trial. Alongside this trial, a cost-effectiveness analysis from a provider perspective was 
performed.

Methods
A total of 289 patients undergoing elective surgery of the digestive tract were randomized 
to either SDD (143 patients) or placebo (146 patients). Routine use of SDD led to less 
patients with an infectious complication compared with placebo (p = 0.028). 

Results
Mean total costs per patient were slightly less (EUR 2,604; 95% CI –6,292 to 1,084) in 
patients randomized to SDD (EUR 12,031) compared to patients randomized to placebo 
(EUR 14,635). Costs of hospitalization were the main determinant of the cost difference 
between the groups. The incremental cost-effectiveness ratio per prevented occurrence 
of ≥1 infectious complications per patient was –EUR 23,164, indicating the superiority of 
SDD over placebo.

Conclusions
This study shows that in patients undergoing elective gastrointestinal surgery, the routine 
use of SDD is less expensive and economically more efficient than placebo in reducing 
the number of patients with infectious complications.
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INTRODUCTION

Patients undergoing surgery are often confronted with postoperative infections and 
subsequently protracted hospital  stay. Selective decontamination of the digestive  tract 
(SDD) was first introduced in intensive care medicine  as a gastrointestinal infection 
prophylaxis regimen that did not disturb the normal anaerobic flora.1 Several studies show 
the effect of SDD use in intensive care unit (ICU) patients, with a lower incidence of wound 
infections and pneumonias.2-5 Nowadays, the Dutch Working Group on Antibiotic Policy 
also recommends prophylactic use of perioperative intravenous antibiotics for patients 
undergoing gastrointestinal surgery.6  Several studies showed the beneficial effect of SDD 
over placebo in those patients. 7-9 The study by Schardey et al.9 was one of the first 
randomized, placebo-controlled trials to investigate the effect of SDD in patients with total 
gastrectomy. The randomized trial of Roos et al.10 also showed a lower rate of infectious 
complications in patients randomized to SDD compared with patients with placebo. Little 
is known about the cost-effectiveness of SDD compared with placebo in patients 
undergoing gastrointestinal surgery. We thus performed a cost-effectiveness analysis 
alongside this trial to compare the costs and benefits of SDD versus placebo in patients 
undergoing elective surgery of the digestive tract.

METHODS

Patient Population and Protocol
The methods, baseline characteristics and clinical outcome of the SDD trial have been 
described previously in detail.10  Briefly: we studied 289 patients in a randomized controlled 
trial comparing the effect of SDD in patients undergoing elective surgery versus placebo 
(Figure 1). We included patients scheduled for elective surgery of the digestive tract. All 
patients were randomized to SDD treatment (143 patients) or placebo treatment (146 
patients). SDD consisted of 100 mg polymyxin B sulphate, 80 mg tobramycin and 500 mg 
amphotericin B. Mean age of patients was 64 ± 14 years; 54% were male. Diabetes 
mellitus was present in 14% of patients. Baseline characteristics were well balanced 
between the two randomized groups. Patients randomized to SDD or placebo received 
trial medication 2 days before surgery, 10 ml 4 times a day orally. It was continued for at 
least 3 days after surgery and/or until normal bowel function was achieved (patients had 
normal dietary intake and/or passage of stool). All patients received the same parenteral 
antibiotics perioperatively for 24 h, including 1,500 mg cefuroxime and 500 mg metronidazole 
at 8-hour intervals, starting 30 min before surgery. The event rate was calculated as the 
percentage of patients who suffered at least ≥1 infectious complications such as wound 
infections, pneumonias, urinary tract infections and anastomotic leakage.

Design of Economic Analysis
We performed this cost-effectiveness analysis from a provider perspective and with a 
1-year time horizon alongside the randomized trial comparing SDD against placebo.  
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The primary outcome measure in the economic evaluation was the costs per patient  
without infectious complication(s). Major use of health care resources from randomization 
until 1 year of follow-up was gathered from the study database, which contained information 
from case report forms and from the hospital information system. The left column of Table 
1 shows the counted health care components. All surgery, reoperation and diagnostics 
such as X-ray, echography, CT scans, and laboratory data were taken into account during 
the follow-up. Patients were stratified into upper gastrointestinal surgery (oesophagus 

Figure 1 |  CONSORT diagram for the trial. This study flowchart shows 929 patients eligible for inclusion; 
143 (SDD) and 146 (placebo) were analyzed.
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(cardia) resections and gastrectomies), pancreas and liver surgery (including Whipple 
procedures) and lower gastrointestinal surgery, including all types of colon resections.  
The number of days of all hospitalizations from randomization until 1 year of follow-up was 
recorded, discriminating between days at the ICU and general ward. We recorded all study 
medications, use of physiotherapy and dietician visits. Additional costs were costs for 
consultations from other departments, such as additional electrocardiograms (cardiology), 
thorax drain (intensive care) or bronchoscopy (pulmonology). Outpatient hospital care and 
productivity losses were not taken into account. Unit costs are expressed in euros. With 
a follow-up of 1 year, unit costs were not discounted. All unit costs (Table 1), except unit 
costs of a hospital day and unit costs of a day in the ICU, were calculated from the 2008 
financial ledger of the Onze Lieve Vrouwe Gasthuis, taking into account the average input 
of personnel, use of materials, writing-off of equipment and medication. 

Table 1 |  Mean costs per unit.

Costs Source

Surgery, mean 2,994 hospital ledger

Primary surgery 3,123

Upper GI tract 3,667

Lower GI tract 2,873

Reoperation 1,902

Upper GI tract 1,857

Lower GI tract 1,947

SDD use 8.34 pharmacy

Hospitalization, per day

General ward 435 manual

ICU 2,183 manual

Radiography, per procedure

Ultrasound 37 hospital ledger

CT scan 126 hospital ledger

X-ray 44 hospital ledger

Laboratory tests, mean 2.5 hospital ledger

Pathology, mean 40 hospital ledger

Physiotherapy, per consult 36 hospital ledger

Dietician, per consult 58 hospital ledger

Antibiotics

For UTI, 3 days 0.78 pharmacy

Cefuroxime for pneumonia,7 days 1,500.87 pharmacy

Cefuroxime/metronidazole for leakage, 5 days 204.45 pharmacy

Costs in euros. GI = Gastrointestinal; UTI = urinary tract infection.
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Overhead costs of e.g. depreciation of buildings and equipment, capital costs and 
departmental administration were added in two steps: first, total costs and volumes (counts 
of procedures and hospitalizations) were calculated per patient care-related department, 
and second, costs were attributed to the procedures, pro rata of their contribution to the 
total volume and costs. The unit costs of a single hospital day (coronary care unit or general 
ward) and the unit cost of a day in the ICU were calculated on the basis of the average 
costs of an inpatient hospital day according to the Dutch costing guideline for health care 
research.11  Hospital day unit costs included the costs of physician care, nursing, materials, 
medication, equipment, housing and other overhead costs. Costs were calculated as the 
summed product of volumes and resources used and their respective unit costs. The cost 
analysis was based on used health care resources from randomization to 1 year of follow-
up or death, whichever came first. 

Analysis
All analyses were performed according to the intention to treat principle. Volume and cost 
data were averaged per patient. We calculated the incremental cost-effectiveness ratio for 
SDD versus placebo as the difference in mean total costs divided by treatment effect 
(defined as the difference in the event rates). Because of skewed (costs) distributions, we 
assessed group contrasts by calculating 95% confidence intervals for the mean differences 
following bias-corrected and accelerated nonparametric bootstrapping, drawing 5,000 
samples of the same size as the original sample separately for each group and with 
replacement.12 Sensitivity analyses were performed for different levels of unit costs and 
health care resources that contributed most to the total cost difference between patients 
randomized to SDD or to placebo. Results are graphically presented with the cost-
effectiveness plane.13-16

RESULTS

Patients randomized to SDD generated a total cost of EUR 12,031, patients randomized 
to placebo EUR 14,635 (Table 2). There was no difference in number of surgical procedures 
(primary and reoperation) between the patients randomized to SDD or placebo. Costs were 
therefore equal between groups: EUR 3,427 versus EUR 3,412 respectively. During 
hospitalization (initial and during follow-up) a patient randomized to SDD spent an average 
of 14 days in hospital versus 19 for a patient randomized to placebo. The associated costs 
were EUR 7,709 versus EUR 9,977 respectively. There was only a small difference in 
number of laboratory tests, radiography and pathology between patients with SDD or 
placebo. The costs for diagnostic procedures for patients randomized to SDD were slightly 
less (–EUR 68; 95% CI –EUR 248 to 115). 

Clinical Outcome and Cost Difference
Within 30 days, 28 of 143 patients (19.6%) in the SDD group had ≥1 infectious complications 
compared to 45 of 146 (30.8%) in the placebo group, with a significant treatment effect 
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of 11.2%. There was a small reduction (median 11 vs. 12 days) in hospital stay in the SDD 
group compared to the placebo group, but this was not statistically significant (Table 3).
The incremental cost-effectiveness ratio was –EUR 2,604/0.0112 = –EUR 23,164 per extra 
patient without complication(s). Figure 2 shows the bootstrapping results, relating the cost 
differences between SDD treatment and placebo treatment to the differences in prevented 

Table 2 |  Volumes (mean) and costs (mean) per patient.

Item SDD (n = 143) Placebo (n = 146) Cost differencesa

Volume 
Eur

Costs n Volume 
Eur

Costs n Eur

Surgery

Total cost per patient 3,427 3,412 15 (–441, 471)

Primary surgery 1.0 3,058 1.0 3,186

Upper GI tract 0.34 3,833      48 0.29 3,482      43

Lower GI tract 0.66 2,667      95 0.71 3,062     103

Reoperation 0.10 222 0.13     226

Upper GI tract 0.06 386           8 0.05     304       9

Lower GI tract 0.04 139           6 0.08     193      11

Doses of trial 18.52 147 20.52          0

medicationb

Hospitalizations

Total cost per patient 7,709 9,977 –2,268 (–5,344, 694)

ICU 0.84 1,832 0.95 2,078

General ward 13.51 5,877 18.16 7,899

Investigations

Total cost per patient  533 600 –68 (–248, 115)

Radiography 3.04 167 3.62 259

Pathology 1.83 74 1.93 77

Laboratory tests 109.19 292 115.78  264

Additional costs

Total cost per patient  362 646 –284 (–531, –57)

Physiotherapy or 5.48 210 8.95 403

dietician

Antibiotic use 0.14 25 0.29 44

Consultations of other

department c 6.95 128 5.73 203

Total 12,031 14,635

All volumes are mean volumes (counts of procedures, hospitalizations, and so on) per patient. All costs aremean 
costs per patient. GI = Gastrointestinal; ICU = intensive care unit. a Figures in parentheses are 95% CI. b Trial 
medication started 2 days before surgery (6–8 doses) and continued until at least the third day after surgery  
(9–12 postoperative doses). c Such as cardiology, anesthesiology or pulmonology.
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infectious complications. This Figure shows that the majority of the bootstrapping results 
(91.5%) of this trial lie in the lower right quadrant of the cost-effectiveness plane, i.e. the 
clinically more effective SDD is also cost saving. The other quadrants contain 7.4% (upper 
right: more effective, but more expensive too), 0.6% (lower left: less effective, but also 
cost saving). If the supply of SDD for elective gastrointestinal surgery should not result in 
any increase in budget, then the probability of SDD being cost-effective equals 92.1% 
(91.5% plus 0.6%). On the contrary, if the supply of SDD for this patient population is 
acceptable at any cost as long as it results in increased effectiveness, then the probability 
of SDD being cost-effective equals 98.9% (91.5% plus 7.4%). Hence, the likelihood of 
SDD being cost-effective is very high to almost perfect.

Sensitivity Analysis
We varied the unit cost levels of hospital admissions to assess their impact on the study 
results. With 50% higher unit costs of hospitalization, the total hospital costs of patients 
in the SDD group would have been EUR 15,885 versus EUR 19,623 in the group of patients 
receiving placebo. Increasing the unit costs of hospitalization only further substantiated 
the near superiority of SDD over placebo treatment. If all patients receiving SDD are tested 
for bacteria, the costs for these patients will increase. However, the costs for testing for 
bacteria are fairly small and if all patients randomized to SDD had been tested for bacteria 
while placebo patients had not been tested, then the total costs per patient would have 
been increased by only EUR 30 (based on the OLVG hospital ledger).

Table 3 |  Overview of patients with ≥ 1 endpoints in the SDD trial.

SDD
(n = 143)

Placebo
(n = 146)

Treatment
effect

95% CI p-value

Patients with infectious 
complications, %

19.6 (28) 30.8 (45) 11.2 7.56 to 14.84 0.028

Patients with non-infectious 
complications

14 (20) 15.1 (22) 1.1 -0.1 to 2.3 0.794 

Patients with any 
complication, %

32.9 (47) 45.9 (67) 13.0 9.12 to 16.88 0.024

Patients with ≥1 
relaparotomy a, %

10.5 (15) 13 (19)  2.5 0.7 to 4.3 0.505

Death, % 4.2 (6) 3.4 (5) –0.8 –1.83 to 0.23 0.732

Readmission, % 8.4 (12) 6.2 (9) –2.2 –3.89 to –0.51 0.466

Hospital stay, days b 11 (9–14) 12 (9–18) 1.0 0.055

Some patients had ≥1 complication infectious complications: pneumonia, urinary tract infection, wound infection, 
clostridium infection, anastomotic leakage; noninfectious complications: cardiopulmonary, neurological or 
abdominal. Values in parentheses are number of patients unless indicated otherwise.
a All reinterventions for leakage, bleeding, burst or open abdomen and ileus during (re)admission.
b Values are medians (interquartile range is shown in parentheses).
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DISCUSSION

The study by Roos et al.10 shows that perioperative SDD in elective gastro-intestinal surgery 
reduced the rate of postoperative infectious complications. The present accompanying 
economic analysis demonstrates that the routine use of perioperative SDD reduces the 
total costs by EUR 2,604 per patient, from EUR 14,635 for patients without to EUR 12,031 
with SDD. Costs of hospitalizations were the main determinant of the cost difference 
between the two groups. Little is known about the economic effect of SDD: in 1998, 
Sanchez Garcia et al.17 performed a cost-effectiveness study of SDD in patients admitted 
to the ICU. In that study, SDD was associated with reduced morbidity and lower costs. 
Van der Voort et al.18 showed no effect of SDD and similar costs in ventilated patients in 
the ICU. In liver transplanted patients, SDD showed no benefits and additional costs.19  

These studies show that in high-risk patients (ICU), SDD generates the same or less costs, 
or no benefit (liver-transplanted patients) and higher costs. Due to the heterogeneity of the 
patient groups, it is not possible to compare these results with our patients. However, as 
concerns ICU patients, the conclusion can be drawn that a similar result or an effect does 
not result in additional costs. This cost-effectiveness analysis is the only economic 
evaluation based on a prospective randomized trial comparing perioperative SDD in elective 
gastrointestinal surgery with placebo and demonstrated a near superiority of SDD over 
placebo treatment. We assume that the difference in infectious complications and 
anastomotic leakage will not only result in a difference in costs, but potentially also in a 
difference in duration of hospitalization and time to return to work of the patient.

Figure 2 |  Cost-effectiveness plane showing differences between SDD treatment and placebo after 5,000 
bootstrap replications. The vertical axis shows differences in mean total costs; the horizontal axis shows 
differences in proportions of patients without infectious complications. SDD treatment generated lower 
costs and a higher proportion of patients without infectious complications in 91.5% of all replications.
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This study has several limitations. First, it was performed in a single Dutch medical center, 
and one might argue that the cost determination only applies to this center.
However, the unit costs determining the main cost driver were adapted from a common 
standard for all centers in the Dutch health care system. Second, as argued in the clinical 
article by Roos et al.10, this study showed a lower effect than expected. The expected 50% 
reduction in infections was not achieved. Nevertheless, even with this smaller reduction 
in infections the patients randomized to SDD not only sustained less infectious 
complications, but also generated less costs, resulting in a cost-effectiveness acceptability 
of SDD of ≥92%. Third, we choose a provider perspective for this study, instead of a societal 
perspective. It can be suggested that taking a societal perspective would make a difference. 
However, since the patients randomized to placebo treatment show a larger mean duration 
of hospitalization than that of patients randomized to SDD, it is not to be expected that 
related productivity losses resulting from absence from work will cause the observed cost 
difference to shift in favour of patients randomized to placebo.
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