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a b s t r a c t 

Objectives: Oesophagectomy is a complex surgery with high mortality and morbidity caused by postoper- 

ative infectious complications such as pneumonia and anastomotic leakage. Selective decontamination of 

the digestive tract (SDD) with non-absorbable antimicrobial agents may lower the density of pathogenic 

organisms in the oropharynx and oesophagus, thereby providing a perioperative prophylactic strategy. 

While SDD has shown benefits in intensive care units and lower gastrointestinal surgery, its efficacy and 

safety in oesophagectomy remains unclear. This study aimed to evaluate the efficacy and safety of peri- 

operative SDD in patients undergoing oesophagectomy. 

Methods: A systematic review and meta-analysis were conducted, including all relevant studies published 

up to April 3, 2025. The primary outcome was the efficacy, defined as reduced incidence of pneumonia, 

anastomotic leakage, surgical site infection and mortality. Safety, measured by reported side effects, was 

the secondary outcome. 

Results: Of 628 articles screened, six studies comprising 1074 patients were included. Of these, 487 

(45.3%) received SDD and 587 (54.7%) received placebo or standard care. None of the studies focused 

primarily on the safety of SDD, and side effects were not systematically reported. SDD was significantly 

associated with a lower incidence of pneumonia (OR: 0.42, 95% CI: 0.30–0.58, P < 0.01), anastomotic leak- 

age (OR: 0.43, 95% CI: 0.29–0.65, P < 0.01) and 30-day mortality (OR: 0.25, 95% CI: 0.07–0.94; P = 0.04). 

Although significant, 30-day mortality should be interpreted with caution due to the limited number 

of studies and the high risk of bias among them. No significant reduction was observed for in-hospital 

mortality or surgical site infections. 

Conclusions: The meta-analysis indicates that perioperative SDD may reduce pneumonia and anastomotic 

leakage after oesophagectomy. However, the large heterogeneity, risk of bias and the lack of adequate 

safety assessment make the available studies insufficient to advance a qualitative recommendation on 

the topic. For this, a large randomised controlled trial is imperative. 

© 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license 

( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Oesophagectomy is a highly complex surgical procedure and is 

ssociated with significant morbidity and mortality. Postoperative 
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omplications occur in 59% of cases, with pulmonary infections be- 

ng the most common and anastomotic leakage the most severe 

 1 ]. 

Pathogens responsible for postoperative infectious complica- 

ions following oesophagectomy originate from the microbiota 

f the oropharyngeal and upper digestive tract [ 2–4 ]. Through 

egurgitation and aspiration, these pathogens can cause pneu- 

onia. Moreover, they have been implicated in the pathogenesis 
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Fig. 1. Selective digestive tract decontamination, a prophylactic antimicrobial therapy. SDD, selective digestive tract decontamination; SOD, selective oropharyngeal decon- 

tamination. Created in BioRender. Grootenhuis, J. (2025) https://BioRender.com/7pqmuv0 . 
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f anastomotic leakage. It is hypothesised that, in alongside 

he impaired blood supply, these microorganisms provoke a 

ocalised inflammatory response at the anastomotic site, result- 

ng in micro-abscess formation. This inflammatory process may 

ontribute to anastomotic dehiscence and ultimately result in 

nastomotic leakage [ 5–7 ]. Therefore, eliminating these pathogens 

rior to surgery and throughout the recovery period may re- 

uce the risk of respiratory infections and anastomotic leakage 

AL). 

Selective decontamination of the digestive tract (SDD) is a pro- 

hylactic antibiotic strategy consisting of oral, non-absorbable an- 

imicrobial agents (e.g., colistin, tobramycin and amphotericin B) 

o prevent infections by reducing gastrointestinal colonisation with 

erobic gram-negative rods and yeasts, while preserving anaerobic 

acteria [ 8 , 9 ]. The two main types of SDD strategies are: the orally

ngested regimen, commonly referred to as SDD, and the oropha- 

yngeal applied topical regimen, known as SOD. In clinical practice, 

ombinations of these approaches, as well as the addition of intra- 

enous antibiotics to the regimen, are employed ( Fig. 1 ). The term 

SDD’ in the literature is often used to refer to any of these varia-

ions. 

SDD improves outcome in intensive care unit (ICU) patients by 

educing the incidence of postoperative infectious complications 

including surgical site infection, ventilator-associated pneumonia 

nd anastomotic leakage) after elective lower gastrointestinal tract 

urgery [ 9–12 ]. The most commonly reported side effects of en- 

eral application of SDD are gastrointestinal symptoms, particu- 

arly nausea, vomiting and diarrhea. Although the topical and en- 

eral application of SDD is deemed non-absorbable, serious sys- 

emic side effects such as nephrotoxicity, a well-known side ef- 

ect of parenteral tobramycin, have been described in the ICU set- 

ing [ 13 , 14 ]. Also, Clostridioides difficile outbreaks and overgrowth 

f other gram-positive bacteria and antibiotic resistance in these 

trains have been reported in ICU settings [ 15 , 16 ]. In fragile pa-

ients and in patients after gastro-intestinal surgery, clotting of the 

DD with subsequent esophageal or jejunal obstruction has been 

eported [ 17 ]. 
r

2

SDD might be a promising strategy to reduce morbidity (espe- 

ially pneumonia and anastomotic leakage) after oesophagectomy, 

ut robust data about efficacy and safety is lacking. 

A recent systematic review by Oei et al. [ 18 ] summarised the 

vailable evidence and found that perioperative SDD was associ- 

ted with a lower incidence of postoperative pneumonia and anas- 

omotic leakage after oesophagectomy. However, this review in- 

luded only five studies, all of which were evaluated as having a 

igh or serious risk of bias. Furthermore, this review did not ad- 

ress the safety profile of SDD. 

Other systematic reviews in this field have either relied exclu- 

ively on randomised controlled trials (RCTs) or included a broader 

ange of gastrointestinal surgeries beyond oesophagectomies. No- 

ably, none of these reviews focused on the safety profile of SDD. 

ence, the primary objective of this systematic review and meta- 

nalysis was to assess the efficacy of perioperative SDD compared 

o placebo or standard care in patients undergoing oesophagec- 

omy; the secondary objective was to assess its safety. 

. Methods 

.1. Search strategy 

Two researchers (JG and WS) searched the online medical 

atabases PubMed, Embase, Cochrane, and Web of Science. The last 

nline database search was performed on April 3, 2025. This strat- 

gy included search (MeSH) terms related to “selective digestive 

ract decontamination’’ and “oesophageal surgery’’ (Supporting In- 

ormation). Inclusion criteria were studies involving humans un- 

ergoing oesophagectomy, in which any variation of SDD prophy- 

axis was administered, with a primary focus on the efficacy and/or 

afety of SDD. No restrictions were applied regarding language or 

ublication date. Two independent researchers (JG and WS) used 

ayyanTM , ( www.rayyan.com , MA) a web-based software program, 

ollowed by screening of titles and abstracts [ 19 ]. Discrepant opin- 

ons were discussed after reading the full-text article and a third 

eviewer (JS) was involved to resolve the discrepancy when con- 

https://BioRender.com/7pqmuv0
www.rayyan.com
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ensus could not be reached. In the second phase, full-text screen- 

ng took place, by two independent reviewers (JG and WS) who 

ndependently reached a 100% consensus on selection. This study 

dhered to the PRISMA guidelines, and was conducted following 

he protocol registered in PROSPERO (CRD42024554150). 

.2. Data extraction and outcomes 

The two reviewers independently read the full-texts, extracted, 

nd verified the data. For each included article, details were gath- 

red regarding study design, intervention and control or placebo, 

articipant numbers and outcomes. 

The primary outcome of interest was the efficacy of perioper- 

tive SDD in oesophagectomy, defined by the incidence of pneu- 

onia, anastomotic leakage, surgical site infections, and mortality. 

he secondary outcome was safety, defined as the occurrence of 

ide effects. Outcomes were analysed according to the definitions 

nd time frames specified by the study authors. 

.3. Risk of bias assessment 

Two reviewers (JG and WS) independently assessed the risk of 

ias in the included articles. Discrepancies were resolved through 

onsensus meetings. Randomised controlled trials (RCT’s) were 

valuated using the revised Cochrane risk of bias tool (RoB 2) [ 20 ].

he risk of bias was classified as low if all domain-level were rated 

ow, high if at least one domain was rated high, and medium if one 

r more domains were rated as medium risk without any high-risk 

omains, or if the risk was unclear with no domains rated as high 

r medium risk. Retrospective cohort studies were assessed using 

he Newcastle-Ottawa Quality Assessment Scale (NOS) for cohort 

tudies, which assigns a star rating based on predefined criteria 

 21 ]. Cohort studies were categorised as having poor (1–3 stars), 

oderate (4–6 stars) or high (7–9 stars) methodological quality. 

ext to this, the NOS-scores where converted to AHRQ standards 

good-, fair- or poor quality) [ 22 ]. Publication bias was assessed us- 

ng funnel plots. 

.4. Data synthesis and analysis 

R version 4.4.1 with meta package was used to conduct the 

eta-analysis [ 23 ]. Odds ratios (ORs) were calculated with a 95% 

onfidence interval for assessing the incidence of outcomes. A ran- 

om effects model was used to determine the overall effect and, 
2 tests were used to assess heterogeneity between studies. The I ²
alues categorised heterogeneity into: not significant (I2 : 0%–40%), 

oderate (I2 : 30%–60%), substantial (I2 : 50%–90%) and consider- 

ble (I2 :75%–100%) [ 24 ]. 

. Results 

The search yielded 628 articles, of which 273 duplicates. The 

emaining 355 articles were screened based on title and abstract, 

esulting in 17 full-text articles being assessed for eligibility. Of 

hese, 11 articles were excluded. Six were review articles that did 

ot contribute any additional studies beyond those already iden- 

ified through the search [ 12 , 25–29 ]. In the RCT performed by de

oos et al. [ 30 ] in an elective gastrointestinal surgery population, 

he exact number of oesophagectomies within a combined sub- 

roup of oesophageal/gastric resections was not specified. The au- 

hors were contacted for post-factum subgroup analysis; however, 

he original data were no longer available. An accompanying cost- 

ffectiveness analysis based on the same study by de Roos et al. 

as also excluded, as it did not contain original data on efficacy or 

afety outcomes [ 31 ]. In addition, one conference abstract describ- 

ng a poster presentation was excluded due to insufficient method- 

logical and outcome information [ 32 ]. One letter to the editor that 
3

id not contain original data [ 33 ]. Finally, one article was excluded 

 34 ] because it described a study population that had already been 

eported in a previous publication [ 35 ], albeit in the context of a 

ifferent research question. 

In total, six articles were included in the final analysis ( Fig. 1 )

 35–40 ]. These six studies (three RCTs, three retrospective cohort 

tudies) included a total of 1074 patients who underwent oe- 

ophagectomy of which 487 (45.3%) received perioperative SDD. 

etailed information on the included studies is presented in 

able 1 and Figure 2 . 

.1. Prophylactic strategies 

.1.1. Digestive tract decontamination 

Various SDD formulations were used. The most frequently used 

egimen, reported in three studies (N = 260 patients), consisted of 

olymyxin, tobramycin and amphotericin B (‘PTA’). This combina- 

ion was administered orally, either as a single suspension [ 35 , 37 ]

r sequentially as separate agents [ 40 ]. One study added oral van- 

omycin to PTA (‘PTA-V’) to extend coverage to Gram-positive bac- 

eria [ 38 ]. Another study also included vancomycin but replaced 

mphotericin B with nystatin (‘PTN-V’), which has roughly similar 

ntifungal activity and minimal systemic absorption [ 39 ]. Addition- 

lly, one trial used a combination of erythromycin, gentamycin and 

ystatin (‘EGN’) [ 36 ]. Notably, erythromycin is a macrolide antibi- 

tic that, in contrast to colistin, is systemically absorbed. Also, it 

as reduced efficacy against aerobic gram-negative bacteria, which 

re common pathogens in postoperative infections following oe- 

ophagectomy [ 41 ]. 

All six included studies employed a four-times-daily dosing reg- 

men, though the specific dosages varied. For polymyxin, the fol- 

owing formulations and doses were used; polymyxin E (10 0–20 0 

g) and polymyxin B (100 mg). Tobramycin was administered at 

ither 80 mg or as tobramycin sulphate (121.7 mg). Among the four 

tudies that included amphotericin B, all used a dose of 500 mg 

our times daily. 

All studies initiated the prophylaxis prior to surgery, ranging 

rom 12 h to 7 d before the procedure. The SDD prophylaxis was 

ontinued until postoperative d 3 (N = 1), 5 (N = 2), 7 (N = 2),

r 10, including continuation in cases where an infection occurred 

nd had not yet resolved (N = 1). 

.1.2. Selective oropharyngeal decontamination 

SOD was applied in addition to SDD in two of the six studies. In 

he study by Tetteroo et al., the intervention involved a combina- 

ion of both SOD and SDD, administered from 3 d preoperatively 

ntil the 10th day postoperatively [ 35 ]. Janssen et al. [ 42 ] indi-

ated to both employ SDD and SOD, but the exact regimen was not 

entioned. Direct contact with the authors clarified that the SDD 

as used both pre- and postoperatively, SOD paste was applied for 

hree days postoperatively only. 

.1.3. Systemic prophylaxis 

All but one study mentioned the use of systemic antibiotic pro- 

hylaxis in addition to SDD, administered preoperatively. The reg- 

mens included a combinations of metronidazole with cefotaxime, 

efamandole or cefazolin; amoxicillin with clavulanic acid; or ce- 

azolin alone. Systemic antibiotic prophylaxis was initiated as early 

s three days preoperatively in the intervention group of Tetteroo 

t al., whereas in most other studies, it began immediately prior to 

urgery. The postoperative duration of systemic antibiotics varied, 

anging from administration until the end of surgery to up to 4 d 

ostoperatively in patients expected to remain in the ICU for more 

han 72 h. 
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Table 1 

overview of articles included in systematic review. 

Author Number of patients 

/surgery 

Design Systemic SOD SDD Dosage and duration of SOD and 

SDD prophylaxis 

Route of SDD Efficacy outcomes Side effects 

Tetteroo 1990 SDD N = 56 

Control N = 58 

(right sided 

thoracotomy and 

median upper 

laparotomy) 

RCT, not blinded. CTX 

MET 

PTA 

P 2% 

T 2% 

A 2% 

PTA 

(Polymyxin E) 

P 200mg 

T 80mg 

A 500mg 

Dosage SOD: 4 dd 

Duration SOD: started on the day 

of admission and continued until 

POD 10 (or longer if infection was 

not resolved). 

Dosage SDD: 4 dd 

Duration SDD: started on the day 

of admission and continued until 

POD 10 (or longer if infection was 

not resolved).At the time, patients 

were admitted one day or several 

days prior to surgery. 

Systemic, intervention group: 

CTX from 3 days preoperative 

until POD1 (4dd 1 gr, 5 days in 

total), on the day of surgery 4dd 

500mg MET. 

Systemic, control group: 1gr 

FAM + 500mg MET, 4dd, 24h 

perioperatively. 

Mouth, nasogastric 

tube or needle 

jejunostomy. 

Pneumonia 

Surgical site 

infections 

Mortality, in 

hospital 

Taste, vomiting, 

nausea, allergy. 

Riedl 

2001 

SDD N = 25 

Control N = 45 

(open 

transthoracic) 

Partially RCT 

Patient was 

allowed to choose 

between SDD or 

no SDD, if patient 

could not decide, 

randomisation 

followed. 

CFZ - PTA 

(Polymyxin B) 

P 100 mg 

T 80 mg 

A 200 mg 

Dosage SDD: 4dd;pre-op P and T 

diluted in nutritional supplement 

(Meritene), and postop in saline. 

After 1 hour, amphotericin B 

suspension. 

Duration SDD: Starting 4-7 days 

before surgery until at least 1 

week after surgery. 

Systemic: 2gr CFZ at start of 

surgery and 8 hours after. 

Pre-op p.o., postop 

and intubated: 3 

mL in the oral 

cavity, 1 mL in 

each nostril, 5 mL 

by gastric tube. 

Postop and 

extubated: 

exclusive via 

gastric tube. If 

given through 

gastric tube, it was 

closed afterwards 

for 30 min each 

time. Amphotericin 

B was postop 

always given 

through gastric 

tube. 

Pneumonia 

Anastomotic 

leakage 

Surgical site 

infections 

Mortality, in 

hospital 

Not mentioned 

Farran 2008 SDD N = 18 

Control N = 24 

(open Ivor Lewis, 

three field 

Akiyama, 

transhiatal)∗

RCT, double blind, 

placebo controlled 

AMX CLA - EGN 

E 500 mg 

G 80 mg 

Ns 100 mg 

Dosage SDD: 20 mL 4dd 

Duration SDD : 12h prior to, until 

POD 5. 

Systemic: 2g AMX and 200mg CLA 

at start of surgery. 

p.o. or by 

nasogastric tube 

followed by two 

hours of 

disconnection. 

Pneumonia 

Anastomotic 

leakage 

Mortality, in 

hospital 

Intolerance 

( continued on next page ) 

4



J.G
.A

.
G

ro
o

ten
h

u
is,

W
.

Seu
rs,

N
.G

.L.
Ja

g
er

et
a

l.
In

tern
a

tio
n

a
l

Jo
u

rn
a

l
o

f
A

n
tim

icro
b

ia
l

A
g

en
ts

6
6

(2
0

2
5

)
10

7
6

3
7

Table 1 ( continued ) 

Author Number of patients 

/surgery 

Design Systemic SOD SDD Dosage and duration of SOD and 

SDD prophylaxis 

Route of SDD Efficacy outcomes Side effects 

Näf 

2010 

SDD N = 134 

Control N = 68 

(Most probably 

open transhiatal) 

prospective SDD 

cohort (N = 81), 

retrospective SDD 

cohort (N = 53), 

and retrospective 

cohort without 

SDD (N = 68). 

FAM MET - PTNV 

(Polymyxin) 

P 100 mg 

T 80 mg 

N 500 mg 

V 125 mg 

Dosage SDD: 10 mL 4dd 

Duration SDD: Starting at the day 

before surgery (minimum of 4 

doses prior to surgery), until POD 

7. 

Systemic: 2gr FAM + 500mg MET, 

30-60 min prior to surgery, 

repeating dose if surgery exceeded 

4 hours. 

Oral, and 

prophylaxis was 

continued 

intraoperatively 

and postop via 

gastric tube. 

Pneumonia 

Anastomotic 

leakage 

Mortality, 30-day 

Nausea 

Janssen 

2021 

SDD N = 179 

Control N = 317 

(Ivor Lewis, totally 

minimally invasive 

oesophagectomy, 

intrathoracic 

anastomosis) 

Retrospective 

cohort study 

CFZ 

MET 

PTA 

Ps 2% 

T 2% 

A 2% 

PTA 

(Polymyxin E) 

Ps 100 mg 

T 80 mg 

A 500 mg 

Dosage SOD: times of application 

per 24h is not mentioned. 

Duration SOD: started after 

surgery and continued until 

extubation. 

Dosage SDD: 10 mL 4dd. 

Duration SDD: 3 days prior to 

surgery until POD 3. 

Systemic: 2gr CFZ + 500mg MET, 

30-60 min prior to surgery, 

repeating dose if surgery exceeded 

four hours. 

In patients who were expected to 

be on the ventilator 

postoperatively for > 48 h and/or 

expected to remain in ICU for > 72 

h, CTX i.v. 4 dd 1 g was 

administered for four days. 

p.o. and 

swallowed, not 

mentioned how 

SDD was 

administered if 

patient was still 

intubated. 

Pneumonia 

Anastomotic 

leakage 

Surgical site 

infections 

Mortality, in 

hospital 

Mortality, 30-day 

Mortality, 90-day 

Mortality, 1 year 

Did not have 

access to data 

regarding patient 

(non)compliance, 

possible side 

effects or 

intolerance. 

Merboth 

2022 

SDD N = 75 

Control N = 75 

(RAMIE Ivor Lewis 

vs open Ivor Lewis 

(at least thoracic 

open)) 

Retrospective 

cohort study with 

a historical 

comparison cohort. 

RAMIE + SDD vs. 

open 

oesophagectomy 

without SDD. 

- - PTAV 

(Polymyxin E) 

Ps118 mg 

Ts121.75 mg 

A 500 mg 

V ? mg 

Dosage 1st part SDD: 10 mL 4 dd 

Dosage 2nd part SDD: Vancomycin 

solution or capsules (no dosage 

mentioned). 

Duration SDD: 2 doses on the 

evening prior to surgery, first 

postop dose of 20 mL at the side 

of the anastomosis via gastric 

tube. Post operatively 10mL 4dd 

until POD 5. 

Oral, or by gastric 

tube 

Pneumonia 

Anastomotic 

leakage 

Surgical site 

infections 

Mortality, 30-days 

Mortality, 90-days 

Not mentioned. 

SDD, selective decontamination of the digestive tract; SOD, selective oropharyngeal decontaminiation; CTX, cefotaxime; P, polymyxin E; T, tobramycin; A, amphotericin B; E, erythromycin; G, gentamycin; N, nystatin; V, 

vancomycin; MET, metronidazole; CFZ, Cefazolin; 

CXM, cefuroxime; FAM, cefamandole; AMX, amoxicillin; CLA, clavulanic acid; s, sulphate; POD, postoperative day(s). 
∗ For tumours located below the carina, an Ivor-Lewis procedure (two-field: laparotomy and right thoracotomy) was performed. For tumours located above the carina, a three-field procedure according to Akiyama (laparotomy, 

right thoracotomy, and left cervicotomy) was applied. Patients with pulmonary capacity < 75% of predicted values were considered unfit for transthoracic resection and therefore underwent transhiatal oesophagectomy (two-field: 

laparotomy and left cervicotomy) with manual cervical anastomosis as described above. 

5
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Fig. 2. PRISMA flowchart. 

Fig. 3. Forest plot comparing postoperative pneumonia following selective decontamination of the digestive tract (SDD) vs control group in oesophageal resections. 
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.2. Efficacy 

.2.1. Pneumonia 

All six articles used pneumonia as an endpoint, with a to- 

al of 1074 evaluable patients ( Fig. 3 ). In the SDD group, 65

13.3%) of 487 patients developed pneumonia, compared to 178 

30.3%) of 587 patients in the control group. The overall result 

as statistically significant in favour of SDD (OR: 0.42, 95% CI: 

.30–0.58, P < 0.01), with minimal heterogeneity (I2 : 8%, P = 

.37). 
6

.2.2. Anastomotic leakage 

Anastomotic leakage was reported in five studies, including a 

otal of 960 patients [ 36 , 38 , 39 , 42 , 43 ]. In the SDD group, 36 (8.4%)

f 431 patients developed AL, compared to 100 (18.9%) of 529 pa- 

ients in the control group. The OR was 0.43 (95% CI: 0.29–0.65, P 

 0.01) indicating that SDD significantly reduced the occurrence 

f AL, with no heterogeneity observed across studies (I2 = 0%, 

 = 0.67) ( Figure 4 ). Four of the five studies provided a clear def-

nition of AL, with the oesophagectomy Complications Consensus 

roup (ECCG) definition used by two of them [ 44 ]. 
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Fig. 4. Forest plot comparing anastomotic leakage following selective decontamination of the digestive tract (SDD) vs control group in oesophageal resections. 

Fig. 5. Forest plot comparing surgical site infections (SSI) following selective decontamination of the digestive tract (SDD) versus control group in oesophageal resections. 
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.2.3. Surgical site infections 

Surgical site infections (SSIs) were reported in four studies, in- 

luding 830 patients. In three studies, there were fewer SSIs in the 

DD groups [ 35 , 38 , 43 ] and one study showed slightly more SSIs

n the SDD group, although this did not reach statistical signifi- 

ance [ 42 ]. Taken together, 18 of 335 patients (5.4%) in the SDD 

roup developed SSIs, compared to 44 (8.9%) of 495 patients in 

he control group. The combined OR was 0.43 (95% CI: 0.12–1.56), 

ndicating that SDD was not associated with a reduction in SSIs in 

hese studies ( P = 0.20), with considerable heterogeneity (I2 value 

f 76%) ( Fig. 5 ). 

.2.4. Mortality 

All six publications assessed mortality, two studies reported 

ortality without specifying a specific time point, we assumed 

n-hospital mortality [ 35 , 36 ]. In the SDD group, seven of 278 pa-

ients (2.5%) died during their hospital stay, compared to 19 of 

 4 4 patients (4.3%) in the control group. This numerical differ- 

nce was not statistically significant (OR: 0.60, 95% CI: 0.24 to 1.50; 

 = 0.28). No heterogeneity was observed (I2 = 0%) ( Fig. 6 ). At the

0-d mortality endpoint, a total of 848 patients from three stud- 

es were eligible for evaluation ( Fig. 7 ). In the SDD group, seven

f 388 patients (1.8%) died, compared to 26 (5.7%) of 460 patients 

n the control group, reaching significance favouring SDD (OR 0.25, 

5% CI: 0.07 to 0.94; P = 0.04), with moderate to significant het- 

rogeneity (I2 = 57%). 

Ninety-day mortality was only assessed in the studies by 

anssen et al. and Merboth et al. In the SDD group, 14 of 254 pa-

ients (5.5%) died, compared to 25 of 392 (6.4%) patients in the 
7

ontrol group (OR: 0.6 6, 95% CI: 0.14–3.0 6; P = 0.59). One-year 

ortality was only assessed in one study (Janssen et al.), with a 

early significant difference in favor of the control group at one 

ear (20.4% vs 26.8%, P = 0.056). 

.3. Safety including side effects 

None of the included studies systematically documented side 

ffects. Side effects related to SDD prophylaxis were reported in 

nly three studies ( Table 1 ). Overall, nausea, though mild in sever- 

ty, was the most common side effect. In addition, the more sub- 

ective ’intolerance’ was also reported. 

The RCT conducted by Tetteroo et al. reported a single case of 

n allergic reaction to SDD, although the type and severity of the 

eaction were not specified. Additionally, issues related to of non- 

ompliance were noted, including unpleasant taste (N = 2), as well 

s vomiting and nausea (N = 4) [ 35 ]. 

Farran et al. excluded four patients due to intolerance to the 

ral solution. However, it is unclear whether intolerance occurred 

n the intervention or placebo group, as no details of the intoler- 

nce were provided [ 36 ]. Näf et al. mentioned nausea as the most 

requently observed side effect, although it was only rarely, and no 

pecific number of affected patients was provided [ 39 ]. 

.4. Bias 

Funnel plots demonstrate a roughly even distribution, indicating 

o significant publication bias for pneumonia, anastomotic leakage 
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Fig. 6. Forest plot comparing postoperative in-hospital mortality following selective decontamination of the digestive tract versus control group in oesophageal resections. 

Fig. 7. Forest plot comparing postoperative 30-day mortality following selective decontamination of the digestive tract (SDD) versus control group in oesophageal resections. 
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or mortality (Fig. 9, Supporting Information). In contrast, the fun- 

el plot for surgical site infections (SSIs) revealed an outlier: the 

tudy by Janssen et al. which reported a low occurrence of SSIs 

3.4%). This discrepancy is likely attributable to underreporting of 

SIs due to the retrospective design of the study. 

Of the three RCT’s, one study [ 36 ] was judged to have a low

isk of bias, one raised some concerns [ 35 ], and one study was

onsidered at high risk of bias [ 40 ]. A major concern in the latter

tudy was self-selection bias, as patients were allowed to choose 

etween the control and intervention group and were randomised 

nly if they did not want to choose. As a result, significant devia- 

ions from the intended intervention occurred, which further con- 

ributed to the risk of bias (pages 15-43, Supporting Information). 

According to the Newcastle-Ottawa Scale (NOS), one study [ 39 ] 

emonstrated a moderate risk of bias, whereas two cohort stud- 

es [ 37 , 38 ] appeared to have a low overall risk of bias (pages 8-14,

upporting Information). When converted to the AHRQ classifica- 

ion [ 22 ], the latter two corresponded to poor and good quality, 

espectively. However, the study by Merboth et al. introduced a 

ubstantial methodological bias that was not adequately captured 

y the applied scoring systems. In this study, a minimally invasive 

urgical approach combined with SDD prophylaxis was compared 

o an open approach without SDD prophylaxis. As open techniques 

re more prone to SSIs and pneumonia, this design likely biased 

he results in favor of the SDD group [ 38 ]. Taking this into account,

e consider the study by Janssen et al. to represent low risk of bias

nd good quality, whereas both studies by Merboth et al. and Näf 

t al. should be classified as high risk of bias and poor quality. 

To confirm the robustness of the data, we also performed sen- 

itivity analyses excluding only the study by Merboth et al. (Sup- 

orting information, Fig. 1-4) and an analysis excluding both the 

tudies by Merboth et al. and Näf et al. (Supporting Information, 
8

ig. 5–8). The results remained statistically significant in favour 

f SDD for pneumonia (OR: 0.47, 95% CI: 0.28–0.66, P < 0.01; 

 ² = 14%) and anastomotic leakage (OR: 0.50, 95% CI: 0.30–0.84, 

 < 0.01; I ² = 0%). For surgical site infections, the effect remained 

on-significant (OR: 0.57, 95% CI: 0.11–2.90, P = 0.49; I ² = 80%). 

ith regard to mortality, in-hospital mortality was unchanged, as 

his outcome was not reported in the studies by Merboth et al. 

nd Näf et al.. Data on 30-day, 90-day, and 1-year mortality were 

nly available from Janssen et al. and could therefore not be fur- 

her analysed after exclusion of these two studies. 

. Discussion 

Perioperative SDD was associated with a significant reduction 

n the incidence of postoperative pneumonia, anastomotic leak- 

ge, and 30-day mortality in patients undergoing oesophagectomy. 

hese results are consistent with previous findings in elective col- 

rectal surgery, where similar benefits on reduction of infectious 

omplications have been reported [ 12 , 45 , 46 ]. 

Reported mortality rates vary across studies, particularly be- 

ween the relatively high 1-year and the lower 30-day mortality. 

his discrepancy may reflect incomplete tumour resection, disease 

rogression, and the profile of the average oesophagectomy pa- 

ient, typically in the late sixties with multiple comorbidities. By 

ontrast, Näf et al. reported a 30-day mortality of 17.6%, likely re- 

ated to their retrospective cohort without SDD, including patients 

reated between 1995 and 2002. The higher mortality in that study 

ay also reflect the absence of modern advances in perioperative 

are, including improvements in intensive care medicine, anaesthe- 

ia, and surgical techniques, which have substantially reduced early 

ortality in more recent cohorts. 
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The surgical site infection (SSI) rate was not significantly re- 

uced in our meta-analysis. Even with the lower incidence in the 

tudy by Merboth et al., which was biased by comparing a mini- 

ally invasive surgical approach with SDD to an open surgical ap- 

roach without SDD, the reduction of SSIs still did not reach sta- 

istical significance. This may be explained by the fact that open 

urgery is associated with greater tissue trauma and exposure, 

hich can increase SSI risk. 

The reported side effects were generally mild, primarily con- 

isting of an unpleasant taste and smell, which sporadically led 

o nausea or vomiting. One case of an allergic reaction was doc- 

mented, although no details were provided regarding its severity 

r whether it occurred in the intervention or control group. Com- 

arable finding regarding efficacy and safety have been observed 

n colorectal surgery, where SDD is also administered for a lim- 

ted duration. In this context, besides unpleasant taste or mild gas- 

rointestinal discomfort such as nausea, no side effects have been 

eported [ 30 , 47–49 ]. 

Although side effects such as systemic toxicity, Clostridioides dif- 

cile outbreaks, and the emergence of antibiotic-resistant organ- 

sms have been reported in intensive care units (ICU) settings, 

hese side effects may be linked to the prolonged use of SDD or the 

ritically ill condition of ICU patients. While oesophagectomy pa- 

ients can also experience critical disease, there are important dif- 

erences between SDD use in the ICU and perioperative SDD regi- 

ens in oesophageal surgery. The latter are of shorter duration and 

re partially administered preoperatively, making direct extrapola- 

ion from ICU data to oesophagectomy patients unreliable. Even in 

he ICU setting, adverse events remain under-investigated, and no 

rm conclusions can be drawn regarding their clinical significance. 

o date, SDD is rarely used outside the Netherlands, largely due to 

oncerns about its efficacy and the potential for inducing antibi- 

tic resistance especially in ICU settings with a high endemicity of 

esistant microorganisms [ 16 , 50–52 ]. 

Another potential, yet unexplored, safety concern specific to 

sophagectomy is the risk of mediastinal contamination in cases 

f anastomotic leakage. While commonly used SDD antimicrobial 

gents (colistin, tobramycin, amphotericin B) are considered non- 

bsorbable in the intestinal tract, anastomotic leakage could create 

n alternative absorption route, potentially altering their pharma- 

okinetics. 

Several limitations of this study warrant consideration. First, the 

isk of bias varied considerably across both cohort studies and ran- 

omised controlled trials. The RCT by Riedl et al., in which par- 

icipants could self-select into the intervention or control group, 

ith randomisation applied only to those who declined to choose, 

as judged to be at high risk of bias. An even greater concern re-

ates to the methodological limitations of two cohort studies. First, 

he study by Merboth et al., in which a minimally invasive surgi- 

al approach with SDD was compared to an open approach with- 

ut SDD, thereby introducing substantial confounding bias. Second, 

he study by Näf et al. in which cohorts of different time periods 

re compared. Although repeated analyses excluding the study by 

erboth et al. and Merboth et al. plus Näf et al. did not yield sig-

ificant changes, the potential bias remains important, given that 

ifferences in sur gical technique and time period can substantially 

nfluence outcome measures [ 53 ]. Regarding the safety outcomes, 

he potential for bias is even greater, as these outcomes were not 

ystematically documented or reported. Second, the limited num- 

er of included studies may compromise the robustness of our 

onclusions. Third, as previously discussed, certain methodological 

spects of the included studies introduce potential biases. Fourth, 

ost evaluated studies are underpowered with respect to their pri- 

ary endpoint. Fifth, the heterogeneity of SDD regimens across 

rials, involving different antimicrobial agents in studies reporting 

dverse effects, com plicates the attribution of specific side effects 
9

o individual components. Sixth, the inconsistent documentation 

f SDD-related side effects introduces a significant reporting bias. 

astly, discrepancies in the definitions of AL and pneumonia hinder 

ross-study comparisons. 

Further evidence is required prior to the broad implementa- 

ion of this promising strategy for complication prevention, ideally 

hrough standardised SDD regimens, a focus on safety, and clearly 

efined postoperative complications. Addressing this need, the on- 

oing PERSuaDER trial (EU CT ID: 2023-504144-33) is currently 

valuating the safety and efficacy of SDD in 854 patients across 

elgium and the Netherlands, aiming to provide critical evidence 

or this specific patient population. To the best of our knowledge, 

his is the only ongoing randomised controlled trial investigating 

DD in the context of oesophagectomy registered in major trial 

atabases, including the International Standard Randomised Con- 

rolled Trial Number (ISRCTN), the EU Clinical Trials Register (CTIS 

nd ECTR), and ClinicalTrials.gov. 

In conclusion, perioperative SDD appears to be a promising 

nd safe strategy for reducing pneumonia and anastomotic leak- 

ge rates in patients undergoing oesophagectomy. However, further 

igh-quality research is necessary to establish both its efficacy and 

afety, necessitating larger, more methodologically robust studies. 
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