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ABSTRACT 

Introduction 

Surgical site infections (SSI) are common after pancreaticoduodenectomy. Intra-operative 

bactobilia is a reported risk factor for septic post-operative complications. In this study, we aimed 

to study the association between the micro-organisms in intra-operative biliary cultures and 

subsequent SSI at three University of the Witwatersrand academic hospitals.  

Methodology 

In this retrospective observational study, we included all patients who underwent a 

pancreaticoduodenectomy between January 2014 and December 2019. Demographic and peri-

operative data were reviewed, and the causative organisms of superficial and deep-seated SSI were 

correlated with intra-operative biliary organisms.  

Results  

A total of 202 patients were included. Intraoperative bile sampling was performed in 94 (46.5 %) 

cases and bactobilia was detected in 62 (65.9 %) cases. Pre-operative biliary drainage was reported 

in 142 (70.3 %) patients. Intraoperative biliary cultures were resistant to Piperacillin/Tazobactam 

in 50 % (30) of the samples, and institutional resistance patterns were significantly different (p = 

0.006). Similar micro-organisms in bile and surgical site samples were confirmed in 9/25 (36 %) 

patients with similar antimicrobial resistance patterns. There was no statistically significant 

association between bactobilia and surgical site infections (p>0.05).  

Conclusion 

Our study demonstrated heterogeneity in bile sampling, PBD, and biliary antimicrobial resistance 

patterns between the different institutions. Intraoperative biliary cultures assist in predicting the 

microbial species in postoperative SSI, it is therefore important to perform routine intraoperative 

bile sampling. We recommend that institutes review their internal practices regarding 

intraoperative bile sampling in patients undergoing PD, as this will allow guidance of antimicrobial 

selection in patients developing postoperative SSI. Further studies regarding the choice and 

duration of prophylactic antibiotics for PD are warranted.  
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1. INTRODUCTION 

1.1 Background 

Surgical site infections (SSI) have been identified as one of the leading causes of hospital-acquired 

infections and are associated with high morbidity and mortality. They may delay the 

commencement of adjuvant or systemic therapies for cancer patients (1). The management of 

patients with superficial or deep SSI differs and some may require more aggressive management 

in the form of surgical debridement, negative pressure wound therapy, subsequent secondary 

closure, or skin grafting. The incidence of SSI in Sub-Saharan Africa is between 10 and 20 %, as 

described by Fan et al in a systematic review (2). SSI represents a considerable financial and 

clinical burden on the patient and the healthcare system (3). The economic burden involves the 

additional costs associated with prolonged hospitalization, readmissions, additional investigations, 

and treatment. Treatment may include surgical intervention. Data from high-income countries 

indicate a doubling in the cost of treatment if complicated by an SSI (3). Health-related quality of 

life is negatively impacted due to SSI. This may be due to pain, anxiety, and mental stress due to 

the financial implications. Three distinct types of SSIs have been described by the United States 

Centres for Disease Control and Prevention (CDC). This classification is based on the level of 

tissue involvement, namely superficial incisional, deep incisional and organ-space infections (4). 

The incidence of SSI after PD varies greatly in the literature. Rates between 7 % and in some 

instances up to 40 % have been reported (5, 6). Rates of SSI, thirty days after gastrointestinal 

surgery have been reported as 12.3 %, with a greater burden of SSI in countries with a low human 

development index according to the United Nations compared to a middle or high human 

development index (7).  

Bactobilia is reported as a risk factor for septic post-operative complications including SSI and 

bacteraemia. Bile duct colonisation occurs commonly after manipulation of sterile bile ducts and 

after preoperative biliary drainage (PBD) in patients with obstructive jaundice, it has been 

identified as a strong predictor of subsequent bactobilia (8, 9, 10). The current literature suggests 

that routine PBD prior to pancreaticoduodenectomy (PD) should be reserved for specific 

indications due to its association with bactobilia and an increase in post-operative complications, 

be they infectious or overall morbidity. Bactobilia is a reported risk factor for septic post-operative 

complications including bacteraemia, wound infection, and intra-abdominal sepsis (9, 11, 12). 
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Several studies and a recent meta-analysis have shown that micro-organisms cultured from intra-

operative bile specimens correlate with post-operative surgical site infective micro-organisms (1, 

6, 13, 14, 15, 16, 17). The collection of intra-operative bile samples at PD may assist in identifying 

micro-organisms and antimicrobial susceptibility patterns which may help refine antibiotic usage. 

Institutional variability has been described for intra-operative bile and wound cultures, as well as 

antibiotic resistance patterns (1).  

Pathogens commonly isolated from SSI after PD are gram-negative organisms, followed by gram-

positive cocci. The most common species isolated from these patients are Escherichia coli, 

Enterococcus species, Klebsiella species, Pseudomonas and Candida species (13). Institutional 

comparison of micro-organisms cultured from wound and intraoperative bile samples has shown 

noticeable similarity (1). Rates of 21 % have been reported for bile and wound microorganism 

concordance, 15 % similar resistance patterns of micro-organisms in bile and wound cultures, and 

only 10 % of organisms susceptible to the antibiotic used as prophylaxis (13).  

The current guidelines for prophylactic antibiotics to prevent SSI do not include recommendations 

for the type and length of antibiotic administration for patients who have had PBD before PD (10, 

18). It is important to ascertain the incidence of and the resistance patterns of organisms associated 

with PBD in specific institutions as these resistance patterns may vary (1). It is important in our 

setting to ascertain perioperative practices of patients undergoing PD. This knowledge may guide 

patient management, given that there are currently no South African data available on bile cultures 

and sensitivity patterns in patients undergoing PD. It is also not certain if bile sampling is routine 

practice at PD at Wits academic hospitals. 
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1.2 Aim and Objectives  

This study aimed to better understand the relationship between micro-organisms found in biliary 

cultures and subsequent SSI after PD at three University of the Witwatersrand academic hospitals.  

Primary objectives were:  

1. To ascertain whether intra-operative bile specimens are being taken during PD for micro-

biological assessment.  

2. To compare intra-operative bile cultures in patients undergoing PD after PBD with those 

who did not receive preoperative drainage.  

3. To compare intra-operative bile cultures and resistance patterns between three University 

of the Witwatersrand academic hospitals in Gauteng.  

4. To assess the concordance of intraoperative bile cultures and subsequent surgical site 

infective organisms. 

Our secondary objectives were:  

1. To determine the association of intra-operative bactobilia with all septic post-operative 

complications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15 
 

2. RESEARCH METHODOLOGY 

2.1 Study design and setting 

This was a retrospective analysis of patient records; for all patients who underwent a PD between 

January 2014 and December 2019 at three University of the Witwatersrand academic hospitals. 

These were the Charlotte Maxeke Johannesburg Academic Hospital (CMJAH), Chris Hani 

Baragwanath Academic Hospital (CHBAH) and the Wits Donald Gordon Medical Centre 

(WDGMC). Included were all patients who underwent a pancreaticoduodenectomy in the 

specified period, irrespective of age and excluded were patients who did not have a completed 

PD. Ethical approval was obtained from the University of the Witwatersrand Human Research 

Ethics Committee (HREC). Furthermore, medical approval was obtained from the CEOs of 

CMJAH, CHBAH and WDGMC. Patients were not identified in any way since no identifier was 

recorded on the datasheets. Each patient was assigned a study number for data collection 

purposes.  

2.2 Data collection 

Patient demographics included age and gender. Perioperative data including pre-operative biliary 

drainage, intra-operative biliary cultures and sensitivities were recorded. Post-operative outcome 

data included microbiological confirmation of SSI with wound and fluid cultures within 30 days 

of surgery. Postoperative septic complications were confirmed as urinary tract infections and 

bacteraemia with appropriate cultures. These included all cultures submitted for 30 days 

postoperatively. Indication for surgery was recorded as benign or malignant disease from 

histopathological reports. Data collection was done by making use of a pre-existing hospital 

database, the National Health Laboratory Services (NHLS) database, as well as patient and theatre 

records. Patients who did not have completion of PD were excluded.  

2.3 Statistical Analysis 

The data were analysed using SPSS (version 27) and MS Excel software (Microsoft Office 

version 2010). Numeric (continuous) variables, such as age are reported as mean  

(± standard deviation). One way ANOVA was used to assess the relationship of the mean age of 

the three groups. Categorical variables were tested with the Pearson Chi-square test to assess the 

relationship between the two groups of patients. The Fisher’s exact test was used if the criteria for 
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the Pearson Chi-square test were not met. A p-value of less than 0.05 was considered statistically 

significant.  

3. RESULTS 

3.1 Demographics 

The total number of PD cases performed over the study period was 211. Nine were excluded due to 

incomplete patient records. The total number of patients included was 202. The institution at which the PD 

was done was as follows; WDGMC 106 (52.5 %), CHBAH 67 (33.2 %) and CMJAH 29 (14.4 %). The 

mean age was 57.7 (with a range from 12 to 86 years, SD ±12.42) and a gender distribution of 108 (53.5 

%) males and 94 (46.5%) females. The indication for surgery was malignant disease in 165 (81.7 %) 

cases and benign disease in 37 (18.3%). No differences were seen between the institutions 

regarding gender distribution and the indication for surgery. See Table 3.1 

 

3.2 Preoperative biliary drainage 

In terms of PBD, 142 (70.3%) patients were drained. There was a statistically significant difference between 

the three institutions in the percentage of patients receiving PBD (p = 0.001) (Table 3.1). Statistically fewer 

patients at WDGMC were drained. 
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Total PD cases 

recorded 

n = 211 
Cases excluded due 

to incomplete 

records                      

n = 9 

Total cases 

included              

n = 202 

PBD 

n = 142 (70.3 %)  

No PBD 

n = 60 (30.7 %) 

Intra-operative 

bile specimen 

collected 

Intra-operative 

bile specimen 

collected 

Yes 

n = 80 (56.3 %) 

No 

n = 62 (43.7 %) 

Yes 

n = 14 (23.3 %) 

No 

N = 46 (76.7 %) 

Positive bile 

culture 

n = 56 (70.0 %) 

Negative bile 

culture 

n = 24 (30.0 %)  

Positive bile 

culture 

n = 6 (42.9 %) 

Negative bile 

culture  

n = 8 (57.1 %) 

No SSI 

n = 42 (75.0 %) 

SSI 

n = 14 (25.0 %) 

SSI 

n = 0 (0 %) 

No SSI 

n = 6 (100.0 %) 
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Figure 3. 1 Diagram of patients with PBD and no PBD. 

 

Table 3. 1 Perioperative data 

  Total 

Population 

CHBAH CMJAH WDGMC p-value 

N (%)  202 67 (33.2) 29 (14.4) 106 (52.5) 0.230 

Age in years 

(Mean ± SD)  

 57.7±12.4 55.4±12.4 56.5±13.0 59.5±12.1  

Gender Female  94 (46.5) 36 (53.7) 12 (41.4) 46 (43.4) 0.346 

Male  108 (53.5) 31 (46.3) 17 (58.6) 60 (56.6) 

Histology Benign 37 (18.3) 10 (14.9) 5 (17.2) 22 (20.8) 0.619 

Malignant 165 (81.7) 57 (85.1) 24 (82.8) 84 (79.2) 

PBD Yes 142 (70.3) 53 (79.1) 26 (89.7) 63 (59.4) 0.001 

No 60 (29.7) 14 (20.9) 3 (10.3) 43(40.6) 

Intraoperative 

bile specimen  

collected 

 

Yes 94 (46.5) 43 (64.2) 17 (58.6) 34 (32.1) 0.000 

No 108 (53.5) 24 (35.8) 12 (41.4) 72 (67.9) 

Intraoperative 

bile culture 

result 

 

Positive 62 (66.0) 31 (72.1) 10 (58.8) 21 (61.8) 0.503 

Negative 32 (34.0) 12 (27.9) 7 (41.2) 13 (38.2) 

Bile 

classification 

Polymicrobial 40 (64.5) 21 (67.7) 6 (60.0) 13 (61.9) 0.864 

Monomicrobial 22 (35.5) 10 (32.3) 4 (40.0) 8 (38.1) 

Biliary 

organisms 

N = 121 

Gram-negative 

organisms 

92 (76.0) 48 (73.8) 16 (84.2) 28 (75.6) 0.804 

Gram-positive 

organisms 

24 (19.8) 16 (24.6) 2 (10.5) 6 (16.2) 0.468 

Fungal 

organisms 

5 (4.1) 1 (1.5) 1 (5.3) 3 (8.1)  
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Biliary 

resistance to 

Piperacillin/Ta

zobactam 

Yes 30 (50.0) 21 (70.0) 4 (40.0) 5 (25.0) 0.006 

No 30 (50.0) 9 (30.0) 6 (60.0) 15 (75.0) 

SSI  

 

 50 (24.8) 24(48.0) 8 (16.0) 18 (36.0) 0.019 

Incisional SSI 11 (22.0) 4 (16.7) 0 (0) 7 (38.9) 0.004 

Deep-space 

infection 

39 (78.0) 20 (83.3) 8 (100) 11 (61.1) 0.682 

 

3.3 Intraoperative Bile culture analysis 

A total of 94 (46.5%) intraoperative bile specimens were submitted for analysis. Intraoperative bile cultures 

were more likely to be taken at CHBAH, 43 (64.2 %), compared to 17 (58.6%) at CMJAH and 34 (32.1%) 

at WDGMC (p = 0.000) (Table 3.1). The overall rate of positive bile cultures (bactobilia) was 62 (66%), 

there was no difference in bactobilia across the three institutions (p = 0.503).  Polymicrobial growth made 

up most of the bile specimens 40 (64.5%), compared to monomicrobial growth 22 (35.5%). Polymicrobial 

specimens were the majority group at all three institutions. There was a significant relationship between 

PBD and bactobilia with 56 (39.4%) patients developing bactobilia post PBD (p = 0.048). (Table 3.4) 

Most biliary organisms were gram-negative organisms 92 (76.0%), the rest were gram-positive 

organisms 24 (19.8%) and fungal 5 (4.1%). The main organisms cultured from intraoperative biliary 

specimens were Klebsiella ssp., Enterococcus ssp., Escherichia Coli, and Enterobacter ssp. Similar 

organisms were cultured across the three institutions (Figure 3.2). Candida albicans species were seen in 4 

cases, two at WDGMC, and one each for CHBAH and CMJAH. One Candida non-albicans species was 

isolated at WDGMC.  

We assessed the resistance of biliary organisms to Piperacillin/Tazobactam. Overall, the resistance to 

Piperacillin/Tazobactam was 30 (50%) of the bile specimens. A significant variation was identified between 

the different hospitals and biliary culture resistance, with 21 (70 %) at CHBAH, 4 (40%) at CMJAH and 5 

(25%) at WDGMC specimens resistant to Piperacillin/Tazobactam (p = 0.006) (Table 3.1). 
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Figure 3. 2 Bar graph of biliary micro-organisms compared per institution. 

3.4 Surgical Site Infections and Microbiological Analysis 

Surgical site infection was detected in 50 (24.8%) patients. Of these 39 (78%) were deep-seated and 11 

(22%) were superficial incisional infections (Table 3.1). The rate of SSI between institutions varied, 24 

(48%) were detected at CHBAH, 18 (36%) at WDGMC and 8 (16%) at CMJAH (p = 0.019). In the SSI 

group, 25 (50%) had no bile specimens collected. The rate of bile positivity for the group with SSI was 14 

(56 %). There was no relationship between a positive bile culture and SSI (p = 0.220). No relationship was 

found between PBD and SSI (p = 0.083) (Table 3.2).  The main organisms detected in SSIs were Klebsiella 

spp. (29 cultures), Enterococcus spp. (20) and Escherichia Coli (14) (Figure 3.3). Similar organisms were 

detected across the three institutions.  

Table 3. 2 Comparison between the group with surgical site infection and no surgical site 

infection.  

 

Variable  Total population  

N = 202 (%) 

SSI 

N = 50 (%) 

 

No SSI 

N = 152 (%) 

p-value 

Gender Female  94 (46.5) 26 (52.0) 68 (44.7) 0.372 

 Male  108 (53.5) 24 (48.0) 84 (55.3) 

PBD Yes 142 (70.3) 40 (80.0) 102 (67.1) 0.083 

No 60 (29.7) 10 (20.0) 50 (32.9) 

Intraoperative 

bile specimen 

Yes 94 (46.5) 25 (50.0) 69 (45.4) 0.571 

No 108 (53.5) 25 (50.0) 83 (54.6) 
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Intraoperative 

bile culture result 

Positive 62 (66.0) 14 (56.0) 48 (69.6) 0.220 

Negative 32 (34.0) 11 (44.0) 21 (30.4) 

 

 

Figure 3. 3 Bar graph of micro-organisms in surgical site infections across three institutions 

 

Concordance of biliary organisms and the organisms responsible for SSI can be seen across the three 

institutions (Figure 3.4). A total of 9 patients out of 25 patients (36%) had concordance between the bile 

culture and the organism responsible for SSI. These 12 organisms were mostly gram-negative organisms. 

They were Enterobacter spp., Klebsiella spp., Enterococcus spp., Morganella morganii, Citrobacter 

species and Pseudomonas (Table 3.3). All concordant organisms had a similar resistance pattern between 

bile and SSI. The patients were distributed as follows, CHBAH (5 cases), WDGMC (3 cases) and CMJAH 

(1 case).  
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Figure 3. 4 Bar graph of microorganism comparison between bile cultures and surgical site 

cultures per institution 
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Table 3. 3 Microbiology comparing bile cultures and surgical site cultures. 

Organism  Bile culture 

organisms 

Fluid 

cultures 

Wound 

cultures 

Correlating 

organisms 

Similar 

resistance 

pattern 

Gram-

negative 

organisms 

Acinetobacter 

baumannii 

 3 1 - - 

Aeromonas spp. 8 - - - - 

Citrobacter spp. 6 1 - 1 1 

Enterobacter spp. 16 7 2 4 4 

Escherichia Coli 19 9 5 - - 

Klebsiella spp. 32 17 12 3 3 

Morganella morganii 1 1 1 1 1 

Pantoeae 

agglomerans 

2 - - - - 

Proteus mirabilis 4 - - - - 

Pseudomonas 

aeruginosa 

2 4 1 1 1 

Prevotella buccae - - 1 - - 

Raoultella 

ornithinolytica 

1 - 1 - - 

Serratia plymuthica 1 - - - - 

Stenotrophomonas 

maltophilia 

- 1 - - - 

Gram-

positive 

organisms 

Enterococcus spp. 21 13 7 2 2 

Clostridium 

perfringens 

1 - - - - 

Staphylococcus spp. 1 4 4 - - 

Streptococcus spp. 1 2 2 - - 

Candida 

albicans 

 4 - - - - 

Candida 

non albicans 

 1 2 2 - - 

Total 121 65 37 12 12 
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3.5 Septic postoperative complications 

Positive post-operative urine cultures were reported in 18 (8.9%) patients. There was no significant 

relationship between urinary tract infection and bactobilia (p = 0.280). The main organisms detected in 

urinary tract infections were Klebsiella spp. (6) and Escherichia coli (3). Positive blood cultures were 

reported in 14 (6.9%) patients. The main organisms detected in blood cultures were Klebsiella spp. (5) and 

Escherichia Coli (4). There was no significant relationship between bacteraemia and bactobilia (p = 1.000). 

(Table 3.4) 

 

Table 3. 4 Influence of bactobilia on post-operative septic complications. 

Variable Total Positive Bile 

result 

Negative bile 

result 

No bile 

specimen 

collected 

p-value 

PBD 142 (70.3) 56 (39.4) 24 (16.9) 62 (43.7) 0.048 

SSI 50 (24.8) 14 (28.0) 11 (22.0) 25 (50.0) 0.220 

Incisional SSI 11 (22.0) 6 (54.5) 4 (36.4) 1 (9.1) 0.251 

Deep-space 

infection 

39 (78.0) 11 (28.2) 9 (23.1) 19 (48.7) 1.000 

Urinary tract 

infection 

18 (8.9) 4 (22.2) 3 (16.7) 11 (61.1) 0.280 

Bacteraemia 14 (6.9) 4 (28.6) 3 (21.4) 7 (50.0) 1.000 
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4. DISCUSSION 

Intra-operative bile sampling has become routine in high-volume centres performing PD, as 

demonstrated in a recent meta-analysis (14). In our study, we found that bile sampling was not 

routinely performed during the study period, as 53.5 % of cases did not have an intraoperative bile 

specimen. There was a significant variation in routine bile sampling between the three institutions.  

The current literature indicates that PBD is a risk factor for bactobilia, and our data was consistent 

with this finding (8, 9, 10). PBD rates between the three institutions were significantly different, 

with WDGMC draining a lower percentage of cases. Biliary micro-organisms known to colonise 

bile are usually polymicrobial in up to 70% of cases, with Enterococcus spp. (58%), Klebsiella 

spp. (29%), Escherichia coli (27%), Candida spp. (23%) and Enterobacter spp. (20%) (15). Our 

findings were consistent with the reported literature with 64.5 % polymicrobial bile specimens 

with similar organisms cultured (Klebsiella spp., Enterococcus spp. and Enterobacter spp. being 

the top 3 organisms). 

The use of perioperative antibiotics is standard in PD. Commonly used antimicrobial prophylaxis 

includes second generation cephalosporins and metronidazole (15). An increasing rate of 

resistance to this group of antibiotics has led to the use of broad-spectrum antibiotics. A significant 

decrease in SSI after PD was demonstrated with longer courses of broad-spectrum antibiotics (16). 

In a recent systematic review, the authors adapted their perioperative antibiotic prophylaxis to 

Piperacillin/Tazobactam instead of Cefuroxime and Metronidazole due to intraoperative biliary 

resistance patterns identified (15).  In our setting, Piperacillin/Tazobactam is used in perioperative 

prophylaxis if the patient had previous biliary stenting. Biliary resistance patterns were evaluated 

and in our setting 50.0 % of biliary specimens exhibited resistance to Piperacillin/Tazobactam. 

The difference in resistance patterns for the three institutions was significant. CHBAH expressed 

the most resistant biliary profile. A newly recognised threat that has become evident is multi-drug 

resistant (MDR) enteric gram-negative bacteria (19). These organisms may influence SSI 

management. Some studies propose tailoring antimicrobial prophylaxis after PBD (8). In the 

setting of a high prevalence of MDR, it has been recommended not to change prophylaxis to 

Meropenem and Colistin. Close follow-up is recommended, with escalation of antimicrobials 

based on clinical and laboratory findings (13). 
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The rate of SSI in our setting is 24.8 %, which is within the range as described in the literature (1, 

5, 6). The SSI rates across the three institutions did vary, with a lower rate of SSI observed at 

CMJAH. Very few studies showed no statistically significant relation between bactobilia and SSI, 

as was the case in our setting (1, 17). More than half of the patients (56.0 %) with SSI had 

bactobilia, but no statistically significant relationship was noted. Half of the patients with SSI had 

no intraoperative bile specimen collected, this may have influenced the statistical analysis.  

Biliary micro-organisms from intraoperative bile cultures have been known to have similar 

organisms in wound cultures (1, 15). In our setting, there were similar organisms found in biliary 

and surgical site cultures. This concordance was seen at all three institutions.  

PBD is known as a strong predictor of SSI, in our setting there was no statistically significant 

relationship between SSI and PBD, but notably, 80.0 % of patients with SSI had PBD performed. 

This is consistent with rates in the literature, where PBD is seen as a risk factor for SSI (6).  

In our study, there was no relationship between bactobilia and septic postoperative 

complications, namely urinary tract infections and bacteraemia. This is similar to some studies 

that did not show a significant relationship between bactobilia and infectious postoperative 

complications (17, 20, 21). The limitations of our study were retrospective data, a small sample 

size, as well as incomplete data regarding obstructive jaundice and the duration between PBD 

and surgery. 
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5. CONCLUSION 

 

Our study demonstrated heterogeneity in bile sampling practice, preoperative biliary drainage, 

and biliary antimicrobial resistance patterns between the different institutions. Pre-operative 

biliary drainage was associated with bactobilia which was mainly polymicrobial. There was 

no statistically significant association between bactobilia and overall septic postoperative 

complications. There was concordance between intraoperative biliary micro-organisms and 

those cultured from SSI in a third of patients. Biliary resistance to Piperacillin/Tazobactam, 

the antimicrobial of choice for prophylaxis at these three institutions, was high and institutional 

variation was significant.  

We recommend that institutes review their internal practices regarding intraoperative bile 

sampling in patients undergoing PD, as this will allow guidance of antimicrobial selection in 

patients developing postoperative SSI. Further studies regarding the choice and duration of 

prophylactic antibiotics for PD are warranted.  
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Summary: 

The current role of pre-operative biliary drainage (PBD) for patients who are going to            

undergo pancreaticoduodenectomy (PD) has recently been questioned. Recent literature          

suggests PBD should not routinely be performed but reserved for selected cases. PBD is       

associated with an increase in post-operative complications. Bactobilia associated with PBD, is 

linked to an increase in infectious post-operative complications and even morbidity, although not 

mortality. The collection of intra-operative bile samples at PD assists in culture directed 

antimicrobial therapy, which has recently been shown to decrease post-operative                    

complications.  

In this study, we aim to ascertain if bile sampling is performed, to compare bile cultures         

between drained and undrained patients and to compare resistance patterns between three     

University of the Witwatersrand academic hospitals. All patients undergoing PD in the period of 

January 2014 until December 2019 will be included. All data will be collected from patient   

folders, theatre registers, NHLS databases and discharge summary databases. The variables       

including age, sex, major co-morbidities (diabetes mellitus, chronic obstructive airway           

disease, chronic kidney disease), total bilirubin, malignant/benign disease, jaundice,             

cholangitis, white cell count, c-reactive protein, prophylactic antibiotic dose and duration, septic 

post-operative complications (wound culture, blood culture, urine and fluid culture), thirty day 
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mortality will be collected. Data will be entered on an Excel sheet or Redcap database and analysed 

accordingly. 

In this study, we aim to indicate that not all patients undergoing PD has had bile samples taken 

and that there might be a difference in the resistance patterns between the different institutions. 

Therefore, there is a need for institution specific bile cultures and sensitivity patterns to assist in 

potentially decreasing the post-operative infectious complications, with the correct antimicrobial 

management.   

   

Background: 

Pancreaticoduodenectomy (PD), also known as the Whipple’s procedure, became well known      

after Whipple described his two-stage procedure in 1935 (1). This procedure was infrequently   

performed due to the high associated morbidity and mortality. Initial mortality was as high as 25%. 

Since then, it has gained popularity in the management of patients with benign or malignant disease 

of the periampullary region. Currently mortality has decreased to about 3% in high volume expert 

centres (2, 3). 

Operating in the presence of obstructive jaundice was thought to be a contributory factor to     

morbidity and mortality. Jaundice causes severe systemic pathophysiological changes of which 

hyperbilirubinaemia and endotoxaemia has been shown to influence prognosis in surgical patients. 

Various peri-operative interventions were recommended to relieve the obstruction. This included 

fluid replacement and decreasing endotoxaemia by ensuring decreased bacterial load in the gut by 

using oral lactulose and neomycin (4). As jaundice was felt to be responsible for the substantial 

morbidity and mortality, pre-resection drainage of the biliary system was investigated as a possible 

solution. Whipple’s original operation consisted of two stages, the initial phase being a 

cholecystoenterostomy to drain the bile followed by a resection and reconstruction once the 

jaundice had settled. 

 

 Preoperative biliary drainage, initially with percutaneous ultrasound guided drainage and      

thereafter with stents and nasobiliary tubes placed at ERCP, was then introduced. The initial 
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prospective trial from Cape Town comparing preoperative percutaneous drainage showed no 

benefit (5). Other trials of prophylactic stenting (by ERCP) have been performed and in an     initial 

meta-analysis on the efficacy of PBD indicated that there is no benefit and should not    be routinely 

performed (6). It was associated with an increase in post-operative infections, wound infections 

and delayed gastric emptying. In the most recent meta-analysis, it was concluded again that PBD 

does not have a beneficial effect on post-operative outcome. It was even associated with an 

increase in overall complication rates and not just infectious complications (7). Preoperative biliary 

drainage may be prophylactic and most of the prospective studies excluded patients presenting 

with a bilirubin level of > 250 micromoles per litre, of whom were drained preoperatively. In 

addition, patients presenting with features of cholangitis that required drainage were also excluded. 

Bactobilia is a serious risk factor for septic post-operative complications like bacteraemia, wound 

infection and intra-abdominal sepsis (8, 9, 10). The current guidelines for prophylactic antibiotics 

to prevent surgical site infections (SSIs) do not include recommendations for the   type and length 

of antibiotic administration for patients who have had prophylactic biliary drainage prior to PD 

(11, 12). A recent study evaluated the effect of seventy-two hours of broad-spectrum antibiotic 

coverage on outcomes of PD, compared to routine twenty-four hours of peri-operative antibiotics. 

A significant decrease in surgical site infections (SSI) after PD was demonstrated with longer 

broad-spectrum antibiotics (13). In   another study patients classified as high risk (PBD), received 

routine prophylactic antibiotics, which was then switched to culture directed therapy and continued 

for five days. There was a statistically significant decrease in overall infectious complications 

(urinary tract infections, pulmonary infections and septicaemia) (9).  

Intra operative bile sampling is still not routine at all centres where PD is regularly performed (14). 

It has been shown that preoperative biliary drainage (PBD) is associated with bactobilia and there 

is an association with subsequent increased post-operative complications. It is therefore important 

to ascertain the incidence of and the resistance patterns of organisms associated with post-stenting 

bactobilia in specific institutions as these resistance patterns may vary (14). 

Bile ducts are sterile and have been shown to become colonised in up to 25 % after                

obstruction, 75 % after ERCP and up to 100 % after stenting (15). In multiple studies PBD    has 

been shown to be the strongest predictor of bactobilia (7, 9, 12, 15). Interestingly the association 

of PBD with infectious post-operative complications and morbidity is controversial. The influence 
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of PBD on morbidity and mortality has been studied with diverse findings. Some studies show that 

there is an increased risk of infectious complications (8, 9) while others did not (16). Similar 

morbidity and infection between stented and non-stented patients have also been demonstrated 

(14). 

 

The current literature suggests that routine PBD should be reserved for specific indications. It is 

associated with bactobilia and an increase in post-operative complications, be it infectious or 

overall. There are no standardised guidelines for antibiotic prophylaxis, although recent studies 

suggest longer, broad-spectrum antibiotics to be associated with fewer complications.  

It is suggested that there is a need for institution specific bile cultures and sensitivity patterns in 

patients undergoing PD who have had PBD. Currently there are no South African data available 

on bile cultures and sensitivity patterns of patients undergoing PD. It is not certain if bile sampling 

is part of routine practice at PD at Wits Academic hospitals.  

 

Objectives: 

Primary objectives 

1. To ascertain whether intra-operative bile specimens are being taken at time of PD 

for micro-biological assessment.  

2. To compare bile cultures in patients undergoing PD after PBD with those who did 

not receive preoperative drainage. 

3. To compare bile cultures and resistance patterns between three University of the 

Witwatersrand academic hospitals in Gauteng. 

4. To Correlate the causative organism of superficial and deep-seated surgical site 

infection  

Secondary objective: 

⮚ To determine the association of bactobilia with septic post-operative complications. 
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Methods: 

Design: Observational retrospective study  

Site of study: Charlotte Maxeke Johannesburg Academic Hospital, Chris Hani Baragwanath 

Hospital and Wits Donald Gordon Medical Centre. 

Study population: Patients undergoing pancreaticoduodenectomy over the period January 2014 

until December 2019 at three University of the Witwatersrand academic hospitals. 

Sampling: Sample size estimated at 50 cases 

Inclusion criteria: All patients who underwent a pancreaticoduodenectomy in the 

specified period  

      Exclusion criteria: Pancreaticoduodenectomy not completed  

Data collection: Data will be collected from theatre registers, case notes, discharge summary 

databases and the NHLS database. All variables included as per datasheet – Appendix A. 

Statistical Analysis: Data would be entered into an EXCEL sheet or Redcap database and 

statistical analysis will be done using the Statistica Software package. Results will be presented as 

mean values + standard deviation or median (range) with numbers (n) in each group in Tables or 

as graphs.  

Comparisons between groups would be using the student’s t test or Mann-Whitney tests with 

ordinal data compared using a Chi-squared or Fisher exact test. Statistical significance would be 

set at p=0.05.  

 

Ethics: 

Ethical issues during this study: All patient names and folder numbers will be kept confidential 

and only random allocated numbers will be used. Ethics approval will be obtained from the Human 

Research Ethics Committee of the University of the Witwatersrand prior to starting the study. 

 

Problems: 
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Expected problems in this study is retrieving patient files and collecting adequate data. Lost files 

and incomplete data in files are a possibility. Finding enough cases of PD with bile cultures taken 

at surgery.  

Bibliography 

1.  Cohen JR, Kuchta N, Geller N, Shires GT, Dineen P. Pancreaticoduodenectomy. A 40-year 

experience. Ann Surg [Internet]. 1982 May [cited 2016 Jun 19];195(5):608–17. Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/7073358 

2.  Schmidt CM, Powell ES, Yiannoutsos CT, Howard TJ, Loehrer PJ, Lillemoe KD, et al. A 

20-Year Experience in 516 Patients. 2015;139(July 2004).  

3.  Cameron JL, Riall TS, Coleman J, Belcher KA. One thousand consecutive 

pancreaticoduodenectomies. Ann Surg [Internet]. Lippincott, Williams, and Wilkins; 2006 

Jul [cited 2016 Jul 14];244(1):10–5. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/16794383 

4.  Diamond T, Rowlands BJ. Endotoxaemia in obstructive jaundice. HPB Surg. 1991;4:81–

94.  

5.  Hatfield ARW, Terblanche J, Fataar S, Kernoff L, Tobias R, Girdwood AH, et al. 

PREOPERATIVE EXTERNAL BILIARY DRAINAGE IN OBSTRUCTIVE JAUNDICE: 

A Prospective Controlled Clinical Trial. Lancet. 1982;320(8304):896–9.  

6.  Sewnath ME, Karsten TM, Prins MH, Rauws EJA, Obertop H, Gouma DJ. A Meta-analysis 

on the Efficacy of Preoperative Biliary Drainage for Tumors Causing Obstructive Jaundice.  

7.  Scheufele F, Schorn S, Demir IE, Sargut M. Preoperative biliary stenting versus operation 

first in jaundiced patients due to malignant lesions in the pancreatic head : A meta-analysis 

of current literature. 1935;939–50.  

8.  Povoski SP, Karpeh MS, Conlon KC, Blumgart LH, Brennan MF. Association of 

preoperative biliary drainage with postoperative outcome following 

pancreaticoduodenectomy. Ann Surg [Internet]. 1999 Aug [cited 2016 Jun 19];230(2):131–

42. Available from: http://www.ncbi.nlm.nih.gov/pubmed/10450725 



38 
 

9.  Sourrouille I, Gaujoux S, Lacave G, Bert F, Dokmak S, Belghiti J, et al. Five days of 

postoperative antimicrobial therapy decreases infectious complications following 

pancreaticoduodenectomy in patients at risk for bile contamination. HPB [Internet]. 

Elsevier; 2013 Jun [cited 2016 Jun 19];15(6):473–80. Available from: 

http://linkinghub.elsevier.com/retrieve/pii/S1365182X15314209 

10.  Herzog T, Belyaev O, Akkuzu R, Holling J, Uhl W, Chromik  a M. The Impact of Bile Duct 

Cultures on Surgical Site Infections in Pancreatic Surgery. Surg Infect (Larchmt) [Internet]. 

2015;16(4):443–9. Available from: 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=eme

d13&AN=2015227600%5Cnhttp://sfx.ucl.ac.uk/sfx_local?sid=OVID:embase&id=pmid:

&id=doi:10.1089/sur.2014.104&issn=1096-

2964&isbn=&volume=16&issue=4&spage=443&pages=443-449&date=2015&title= 

11.  Sudo T, Murakami Y, Uemura K, Hayashidani Y, Hashimoto Y, Ohge H, et al. Specific 

Antibiotic Prophylaxis Based on Bile Cultures Is Required to Prevent Postoperative 

Infectious Complications in Pancreatoduodenectomy Patients Who Have Undergone 

Preoperative Biliary Drainage. World J Surg [Internet]. 2007 Oct 17 [cited 2016 Jun 

19];31(11):2230–5. Available from: http://link.springer.com/10.1007/s00268-007-9210-4 

12.  Donald GW, Sunjaya D, Lu X, Chen F, Clerkin B, Eibl G, et al. Perioperative antibiotics 

for surgical site infection in pancreaticoduodenectomy: does the SCIP-approved regimen 

provide adequate coverage? Surgery [Internet]. 2013 Aug [cited 2016 Jun 19];154(2):190–

6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23664266 

13.  Fathi AH, Jackson T, Barati M, Eghbalieh B, Siegel KA, Siegel CT. Extended Perioperative 

Antibiotic Coverage in Conjunction with Intraoperative Bile Cultures Decreases Infectious 

Complications after Pancreaticoduodenectomy. HPB Surg [Internet]. 2016 [cited 2016 Jun 

19];2016(4):1–6. Available from: http://www.hindawi.com/journals/hpb/2016/3031749/ 

14.  Fong ZV, McMillan MT, Marchegiani G, Sahora K, Malleo G, De Pastena M, et al. 

Discordance Between Perioperative Antibiotic Prophylaxis and Wound Infection Cultures 

in Patients Undergoing Pancreaticoduodenectomy. JAMA Surg [Internet]. 2016 May 1 

[cited 2016 Jun 19];151(5):432. Available from: 



39 
 

http://archsurg.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.4510 

15.  Herzog T, Belyaev O, Muller CA, Mittelkotter U, Seelig MH, Weyhe D, et al. Bacteribilia 

After Preoperative Bile Duct Stenting. J Clin Gastroenterol [Internet]. 2009 May [cited 2016 

Jul 28];43(5):457–62. Available from: 

http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00004836-

200905000-00013 

16.  Grizas S, Stakyte M, Kincius M, Barauskas G, Pundzius J. Etiology of bile infection and its 

association with postoperative complications following pancreatoduodenectomy. Medicina 

(Kaunas) [Internet]. 2005 [cited 2016 Jul 14];41(5):386–91. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/15947522 

 

  



40 
 

APPENDIX 2: Data sheet 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Date of 

surgery 

Age Gender Data 

number 

Preop 

Biliary 

drainage 

(Y/N) 

Date of 

drainage 

Interval 

to 

surgery 

       

       

       
       

       

       

       

       

       

       

       

       

       

Intra-

op 

Bile 

culture    

(Y/N) 

Date 

and 

time 

culture 

received  

Delay of 

specimen 

Bile culture 

result/Sensitivity 

Fluid 

culture 

Urine 

culture 

Blood 

culture 

Wound 

Culture 

Histology 

         

         

         

         
         

         

         
         

         

         

         
         

         



41 
 

APPENDIX 3: Change of title approval 

 

 

 



42 
 

APPENDIX 4: Ethics clearance certificate 2018 

 



43 
 

APPENDIX 5: Ethics Clearance Certificate 2023 

 



44 
 

APPENDIX 6: Approval to do research from CMJAH CEO. 

 

 



45 
 

APPENDIX 7: Approval to do research from CHBAH CEO. 

 



46 
 

APPENDIX 8: Approval to do research from WDGMC CEO. 

 



47 
 

APPENDIX 9: Approval to do research from NHLS. 

 



48 
 

 



49 
 

APPENDIX 10: Plagiarism Report. 

 


	DECLARATION
	DEDICATION
	PRESENTATIONS ARISING FROM THIS STUDY
	ABSTRACT
	ACKNOWLEDGEMENTS
	Table of Contents
	LIST OF ABBREVIATIONS
	LIST OF FIGURES
	LIST OF TABLES
	1. INTRODUCTION
	1.1 Background
	1.2 Aim and Objectives

	2. RESEARCH METHODOLOGY
	2.1 Study design and setting
	2.2 Data collection
	2.3 Statistical Analysis

	3. RESULTS
	3.1 Demographics
	3.2 Preoperative biliary drainage
	3.3 Intraoperative Bile culture analysis
	3.4 Surgical Site Infections and Microbiological Analysis
	3.5 Septic postoperative complications

	4. DISCUSSION
	5. CONCLUSION
	LIST OF REFERENCES
	APPENDICES
	APPENDIX 1: Approved protocol
	APPENDIX 2: Data sheet
	APPENDIX 3: Change of title approval
	APPENDIX 4: Ethics clearance certificate 2018
	APPENDIX 5: Ethics Clearance Certificate 2023
	APPENDIX 6: Approval to do research from CMJAH CEO.
	APPENDIX 7: Approval to do research from CHBAH CEO.
	APPENDIX 8: Approval to do research from WDGMC CEO.
	APPENDIX 9: Approval to do research from NHLS.
	APPENDIX 10: Plagiarism Report.


