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Abstract 70 

 Background 71 

Among hospital-acquired infections, surgical site infections (SSI) are common. The 72 

occurrence of SSIs in the early post-transplant course poses a relevant threat for 73 

simultaneous pancreas kidney transplant (SPK-Tx) or pancreas transplant (P-Tx) 74 

recipients. 75 

 76 

 Methods 77 

Adult SPK-Tx and P-Tx recipients with a follow-up of at least 90 days were identified 78 

in the Swiss Transplant Cohort Study (STCS) dataset. Except the categorization of 79 

SSIs according to CDC criteria, all other data were prospectively collected. Risk 80 

factors for SSIs were investigated with logistic regression. A Weibull accelerated 81 

failure-time model was applied to address the impact of SSIs on length of stay, 82 

correcting for transplant-related complications and delayed graft function.  83 

 84 

 Results 85 

Of 130 transplant recipients, 108 SPK-Tx and 22 P-Tx, 18 (14%) individuals 86 

developed SSIs within the first 90 days after transplantation. Deep incisional (7, 87 

38.9%) and organ/space infections (8, 44.4%) predominated. In the majority of SSIs 88 

(11, 61.1%; 2 SSIs with simultaneous identification of fungal pathogens) bacteria 89 

were detected with Enterococcus spp. being most frequent. The median duration of 90 

hospitalization after transplantation was significantly longer in recipients with SSI 91 

(median 26d; IQR [19, 44]) than in patients without SSI (median 17d; IQR [12, 25], P 92 

= 0.002). In multivariable analysis, SSIs were significantly associated with an 93 
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increased length of stay and prolonged the duration of hospitalization by 36% [95% 94 

CI: 4, 79].  95 

 96 

 Conclusions 97 

SSIs after SPK-Tx and P-Tx were found at a quite low frequency of 14%. Among 98 

pathogens, Enterococcus spp. predominated. SSIs were independently associated 99 

with a longer hospitalization after transplantation.  100 
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Introduction 101 

Simultaneous kidney-pancreas (SPK-Tx) or pancreas transplantation (P-Tx) are 102 

common treatment strategies for individuals suffering from diabetes mellitus type 1. 103 

In 2019, the Organ Procurement and Transplantation Network registered 875 SPK-104 

Tx and 125 P-Tx transplantations in the USA [1], whereas in Switzerland, a total of 105 

340 kidney transplantations and a total of 25 pancreas or islet cell transplantations 106 

were performed [2]. 107 

Among healthcare-associated infections (HAI), surgical site infections are highly 108 

prevalent. Swiss data gathered in a recent point prevalence study reported SSIs as 109 

the most common HAI [3]. Similarly, in an US point prevalence study from 2014, 110 

SSIs and pneumonia, each detected at a frequency of 20.8%, were the most 111 

frequent HAIs [4]. SSIs after SPK-Tx or P-Tx were associated with poorer graft 112 

survival [5] and prolonged duration of hospital stay [5-7]. In addition, SSIs often 113 

require re-operation contributing to transplant-related morbidity [6]. Data on SSIs 114 

after SPK-Tx and P-Tx derived from multicenter studies remain scarce. We sought to 115 

address this important infectious complication in the early post-transplant course 116 

within the Swiss Transplant Cohort Study (STCS). 117 

 118 

Patients and methods 119 

Study design, population, and patient‐related data 120 

This study was a nested project within the Swiss Transplant Cohort Study (STCS, 121 

www.stcs.ch, ClinicalTrials.gov Identifier: NCT01204944). All Swiss transplant 122 

centers (Basel, Bern, Geneva, St. Gallen, Lausanne and Zurich) contribute to the 123 

prospective data collection of the STCS. The STCS contains data on all solid organ 124 
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transplants performed after 1st May 2008. Each transplant recipient is requested to 125 

grant informed consent, prompting enrollment in the STCS and inclusion into 126 

research projects. More than 93% of all transplant recipients are enrolled in the 127 

STCS allowing comprehensive prospective data collection [8]. The STCS was 128 

approved by the Ethic Committees of all participating institutions. A separate 129 

approval was obtained for this nested study by the responsible Ethics Committee 130 

(Kantonale Ethikkommission Zürich, Req. 2016-01532). Among all individuals 131 

enrolled in the STCS between January 2008 and September 2021, we selected adult 132 

patients with SPK-Tx or P-Tx and a follow-up of at least 90 days (Figure 1). 133 

Individuals that received serial transplants (three SPK-Tx followed by a P-Tx, one P-134 

Tx followed by another P-Tx) that were at least one year apart, were treated as 135 

separate individuals in our analyses. In predefined time intervals, ranging from twice 136 

a week to every 3 months, transplant recipients are followed-up for occurrence of 137 

infections by dedicated research assistants. The research assistants are supervised 138 

by transplant infectious diseases physicians and predefined criteria for the diagnosis 139 

of infections are applied [9]. SSIs were defined according to Centers for Disease 140 

Control and Prevention (CDC) criteria [10]. The categorization of the extent of the 141 

SSI at diagnosis was retrospectively added by patient chart review, whereas all other 142 

data derived from the prospective data collection of the STCS. Chart review was 143 

limited to individuals with a documented SSI within 90 days after transplantation in 144 

the STCS database. SSIs were categorized into superficial incisional, deep incisional 145 

and organ/space infections according to CDC criteria [10]. The collection of these 146 

additional data included verification of SSIs reported in the STCS dataset by 147 

transplant infectious diseases physicians. 148 

 149 
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Statistical Analyses 150 

Baseline recipient and donor characteristics were presented for SKP-Tx and P-Tx. 151 

We calculated incidence rates for transplant-related SSIs occurring within 90 days 152 

after SKP-Tx or P-Tx. Risk factors for SSIs were assessed with univariable and 153 

multivariable logistic regression. Based on findings from a previous study [5], we 154 

decided to include cold ischemia time and the transplant procedure (SPK-Tx vs. P-155 

Tx) in the multivariable model. The duration of hospitalization in patients with and 156 

without SSI was compared with the Wilcoxon-Rank test. In order to adjust for other 157 

factors that might alter the length of stay, we fitted a Weibull accelerated failure-time 158 

model including the variables SSI, delayed graft function, transplant-related 159 

complications, and age. The model allowed us to estimate the event time ratio (ETR) 160 

for each of the covariates. Transplant-related complications that were considered 161 

likely to prolong hospitalization encompassed vascular complications affecting the 162 

graft and revision surgery or interventional drainage. Transplant outcomes, 163 

encompassing death, graft loss, need for insulin therapy, and a worsening of renal 164 

function to an estimated glomerular filtration rate <15ml/min/1.73m2 after SKP-Tx and 165 

death, graft loss and need for insulin therapy after P-Tx were extracted from the 166 

STCS dataset and presented for the entire follow-up. R version 3.6.2 was used for 167 

statistical analysis and visualization [11]. 168 

 169 

Results 170 

Study population 171 

Overall, 108 SPK-Tx and 22 P-Tx recipients of a median age with 45 years 172 

[interquartile range (IQR) 37 - 51] and 43 years (IQR 35 - 48) were included, 173 

respectively (Table 1). Males contributed to 56% of SPK-Tx and to 59% of P-Tx 174 
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recipients. All SPK-Tx and P-Tx were performed due to diabetes mellitus type 1. 175 

Among SPK-Tx recipients, five (5%) and among P-Tx recipients 15 (68%) individuals 176 

had an anteceding transplantation. Among P-Tx recipients, 13 (59%) received the 177 

pancreas graft after prior kidney transplant. Among both, SPK-Tx and P-Tx, 178 

Caucasian ethnicity was most common (SPK-Tx 94, 88%; P-Tx 21, 96%). Induction 179 

immunosuppression was administered in the vast majority of SPK-Tx and P-Tx 180 

recipients with thymoglobulin being most frequent (SPK-Tx 85, 79%; P-Tx 22, 181 

100.0%). In the first week after transplantation, most SPK-Tx recipients (91, 84.3%) 182 

were started on a tacrolimus-based maintenance immunosuppressive regimen, 183 

whereas more than half of P-Tx recipients (12, 54.5%) did neither receive tacrolimus, 184 

cyclosporine A or a mammalian target of rapamycin inhibitor. Routine peri-operative 185 

antibiotic prophylaxis for SSI prevention consisted of either amoxicillin/clavulanate or 186 

piperacillin/tazobactam. 187 

 188 

Incidence, categorization and etiology of surgical site infections 189 

Among totally 130 transplant recipients, 18 (13.8%) individuals [15 (13.9%) SPK-Tx 190 

recipients and 3 (13.6%) P-Tx recipients] developed SSIs within the first 90 days 191 

after transplantation. Three (16.7%) SSIs were categorized as superficial incisional, 192 

seven (38.9%) as deep incisional SSIs and eight (44.4%) as organ/space infections. 193 

There were nine (50%) bacterial SSIs (1 with detection of multiple bacteria), 5 194 

(27.8%) fungal SSIs (1 with detection of multiple fungi) and 2 (11.1%) SSIs caused 195 

by fungi and bacteria. Two (11.1%) SSIs were diagnosed based on clinical findings. 196 

After SPK-Tx, in the majority of SSIs bacteria (9/15, 60%) were detected, most 197 

frequently enterococci (6/15, 40%) and coagulase-negative staphylococci (CNS) 198 

(3/15, 20%) (Figure 2). In six SSIs at least one fungus was detected and the 199 
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detected species included Candida albicans (4/15, 27%), Candida non-albicans 200 

(2/15, 13%) and Aspergillus fumigatus (1/15, 7%).  201 

After P-Tx, in two SSIs bacteria were detected, and the species were Enterococcus 202 

spp., Streptococcus spp. and other anaerobic bacteria. In one SSI, a fungus was 203 

identified (Candida non-albicans). 204 

 205 

Risk factor analysis for surgical site infections 206 

Using logistic regression to identify possible risk factors for SSI, we did not detect a 207 

significant association with type of transplant procedure, recipient age, sex or BMI, 208 

donor sex or age, cold ischemia time, different induction therapies, routine peri-209 

operative antibiotic prophylaxis and the variable, if the current transplant was 210 

performed after an anteceding transplant (Table 2). Similarly, we did not detect a 211 

significant association in a multivariable analysis with adjustment for type of 212 

transplant procedure and cold ischemia time. 213 

 214 

Association of surgical site infections with post-transplant outcomes 215 

Post-transplant outcomes regarding death, graft loss and need for insulin therapy (as 216 

well as a worsening of renal function to an estimated glomerular filtration rate 217 

<15ml/min/1.73m2 after SKP-Tx) were similar among transplant recipients with SSI 218 

and without SSI (supplemental Table). Overall, the median length of hospital stay 219 

after transplantation was longer in patients with SSI (median 26d; IQR [19, 44]) than 220 

in patients without SSI (median 17d; IQR [12, 25], P= 0.002). This observation was 221 

consistent, if we focused exclusively on SPK-Tx (SSI: median 23, IQR [18, 49]; no 222 

SSI: 17, IQR [12, 25], P = 0.009) or P-Tx (SSI: median 28, IQR [26, 31]; no SSI: 15, 223 

IQR [13, 19], P = 0.055) recipients. When correcting for other possible reasons for a 224 
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prolonged length of hospital stay such as delayed graft function, age or transplant-225 

related complications, we found that SSIs, delayed graft function and transplant-226 

related complications significantly were associated with an increase in the length of 227 

stay (Table 3). After adjustment for the covariates age, transplant-related 228 

complications and occurrence of delayed graft function, patients with SSI were found 229 

to stay 36% (95% CI: [4, 79]) longer in the hospital than patients without SSI. 230 

 231 

Discussion 232 

In the present cohort study on SSIs after SPK-Tx or P-Tx we found an incidence of 233 

14% with a predominance of organ/space infections. The majority of SSIs were 234 

caused by bacteria with Enterococcus spp. being most frequently identified. 235 

Individuals with SSIs were significantly longer hospitalized after transplant compared 236 

to recipients without SSIs. 237 

The incidence of SSIs was often higher in prior studies ranging between 20% and 238 

50% [5-7, 12], a single study reported SSIs at a lower frequency with 14% for SPK-239 

Tx and 9% for pancreas after kidney transplantation [13]. One explanation for these 240 

differences could be that most studies used older data compared to the present 241 

study. It can be speculated that due to improved practices in infection prevention a 242 

longitudinal decrease in SSIs could be observed. Furthermore, the country, in which 243 

the study was performed, might be also relevant for the incidence of SSIs. The World 244 

Health Organization reported an increased burden of HAIs in low- and middle 245 

income countries with SSIs being the most frequent HAI [14].  246 

Among all SSIs, deep incisional and organ/space infections are the most relevant 247 

SSIs in terms of morbidity and mortality. Besides our study, only few studies 248 

addressed this categorization [5, 6]. Resembling the findings of Smets et al [6] and 249 
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Natori et al [5], organ/space infections predominated in the present study. In contrast 250 

to Natori et al [5], deep incisional SSIs were found more frequent than superficial 251 

incisional SSIs. Future studies with inclusion of this highly relevant variable seem 252 

desirable. 253 

In line with prior studies, the vast majority of SSIs was caused by bacteria with 254 

common detection of Enterococcus spp. and CNS [5, 6, 12, 15]. In contrast, Perdiz 255 

et al reported a high proportion of gram-negative pathogens causing SSIs [7]. Fungal 256 

SSIs were predominantly due to Candida spp., resembling the findings from Kawecki 257 

et al [15] and Natori et al [5]. 258 

A recent mono-centric study from Canada with inclusion of 445 patients aimed at 259 

identification of risk factors for SSIs after SPK-Tx and pancreas after kidney 260 

transplantation [5]. The authors found an increased SSI risk for SPK-Tx recipients 261 

and longer cold ischemia time. Perdiz et al identified acute tubular necrosis, post-262 

transplant fistulas and an episode of rejection as independent risk factors [7], 263 

whereas Smets et al identified cefamandole prophylaxis as independent risk factor 264 

[6]. Among the addressed variables, we did not identify any significant risk factor for 265 

SSIs. However, our analysis might be hampered by the low frequency of SSIs in our 266 

cohort and the overall limited number of SPK-Tx and P-Tx recipients. Our cohort did 267 

not include data on the individually administered peri-operative antibiotic prophylaxis, 268 

but if we considered the different routinely administered peri-operative prophylaxis, 269 

we didn’t find a significant association with SSIs. 270 

Data on transplant outcomes due to SSIs among SPK-Tx and P-Tx patients are still 271 

scarce. In a Canadian cohort of SPK and pancreas after kidney recipients, a longer 272 

hospital stay and 16-fold odds for graft loss within 3 months post-transplant was 273 

reported [5]. Smets et al observed two graft losses in direct relation to a SSIs among 274 

Jo
urn

al 
Pre-

pro
of



13 
 

20 patients with SSIs and a significant longer hospital stay in recipients with SSIs [6]. 275 

In line with prior studies [5-7], we confirmed a prolonged duration of hospitalization 276 

for transplant recipients with SSIs. The application of a Weibull accelerated failure-277 

time model allowed us to provide a more accurate estimate of the association 278 

between the investigated variables and prolongation of hospital stay. These findings 279 

might be helpful for identification of individuals with likely prolonged hospital stay and 280 

the expected extent of prolongation by the occurrence of associated variables. A 281 

better understanding of these associations could be crucial for optimized allocation 282 

of resources in health care. We did not identify any significant differences among the 283 

further assessed outcome variables. 284 

Strengths of the current study are the multi-centric design with almost exclusive use 285 

of prospectively collected data. The STCS dataset is highly representative for 286 

transplantations performed in Switzerland given an enrolment of more than 90% of 287 

all solid organ transplantations performed in Switzerland [8]. The use of widely 288 

established CDC definitions for SSIs enables insights into severity of SSIs and will 289 

allow comparisons with future studies.  290 

The present study also has some limitations. The categorization of SSIs was 291 

assessed retrospectively. The overall low number of SSIs limited statistical power 292 

and thus hindered more detailed statistical analyses. We did not collect information 293 

on the administration of peri-operative prophylaxis per individual patient. We 294 

provided data on routinely used peri-operative antibiotic prophylaxis, but there might 295 

have been adaptions due to pre-transplant colonization of transplant recipients.  296 

To conclude, SSIs were detected at a similar frequency after SPK-Tx and P-Tx. SSIs 297 

were associated with a significant longer hospitalization after transplant procedure. 298 

 299 

Jo
urn

al 
Pre-

pro
of



14 
 

Conflicts of interest statement 300 

PWS received travel grants from Pfizer and Gilead, speaker’s honorary from Pfizer 301 

and fees for advisory board activity from Pfizer and Gilead outside of the submitted 302 

work. All other authors declared no conflicts of interest. 303 

 304 

Funding sources 305 

PWS is supported by the academic career program ‘Filling the Gap’ of the Medical 306 

Faculty of the University of Zurich. This study was performed in the framework of the 307 

Swiss Transplant Cohort Study, supported by the Swiss National Science 308 

Foundation, the Swiss University Hospitals (G15) and transplant centers. 309 

 310 

 311 

References 312 

[1] Organ Procurement and Transplantation Network. OPTN/SRTR 2019 Annual 313 

Data Report: Pancreas. In: US Department of Health & Human Services; 2019. 314 

[2] Bundesamt für Gesundheit. Zahlen zur Spende und Transplantation von 315 

Organen in der Schweiz. https://www.bag.admin.ch/bag/de/home/zahlen-und-316 

statistiken/zahlen-fakten-zu-transplantationsmedizin/zahlen-fakten-zur-spende-und-317 

transplantation-von-organen.html#-1692370404; 2021. 318 

[3] Zingg W, Metsini A, Balmelli C, Neofytos D, Behnke M, Gardiol C, et al. 319 

National point prevalence survey on healthcare-associated infections in acute care 320 

hospitals, Switzerland, 2017. Euro surveillance : bulletin Europeen sur les maladies 321 

transmissibles = European communicable disease bulletin 2019;24(32). 322 

https://doi.org/10.2807/1560-7917.Es.2019.24.32.1800603. 323 

Jo
urn

al 
Pre-

pro
of



15 
 

[4] Magill SS, Edwards JR, Bamberg W, Beldavs ZG, Dumyati G, Kainer MA, et 324 

al. Multistate point-prevalence survey of health care-associated infections. The New 325 

England journal of medicine 2014;370(13):1198-208. 326 

https://doi.org/10.1056/NEJMoa1306801. 327 

[5] Natori Y, Albahrani S, Alabdulla M, Vu J, Chow E, Husain S, et al. Risk factors 328 

for surgical site infection after kidney and pancreas transplantation. Infection control 329 

and hospital epidemiology 2018;39(9):1042-8. https://doi.org/10.1017/ice.2018.148. 330 

[6] Smets YF, van der Pijl JW, van Dissel JT, Ringers J, de Fijter JW, Lemkes 331 

HH. Infectious disease complications of simultaneous pancreas kidney 332 

transplantation. Nephrology, dialysis, transplantation : official publication of the 333 

European Dialysis and Transplant Association - European Renal Association 334 

1997;12(4):764-71. https://doi.org/10.1093/ndt/12.4.764. 335 

[7] Perdiz LB, Furtado GH, Linhares MM, Gonzalez AM, Pestana JO, Medeiros 336 

EA. Incidence and risk factors for surgical site infection after simultaneous pancreas-337 

kidney transplantation. The Journal of hospital infection 2009;72(4):326-31. 338 

https://doi.org/10.1016/j.jhin.2009.04.016. 339 

[8] Koller MT, van Delden C, Muller NJ, Baumann P, Lovis C, Marti HP, et al. 340 

Design and methodology of the Swiss Transplant Cohort Study (STCS): a 341 

comprehensive prospective nationwide long-term follow-up cohort. European journal 342 

of epidemiology 2013;28(4):347-55. https://doi.org/10.1007/s10654-012-9754-y. 343 

[9] van Delden C, Stampf S, Hirsch HH, Manuel O, Meylan P, Cusini A, et al. 344 

Burden and Timeline of Infectious Diseases in the First Year After Solid Organ 345 

Transplantation in the Swiss Transplant Cohort Study. Clinical infectious diseases : 346 

an official publication of the Infectious Diseases Society of America 2020;71(7):e159-347 

e69. https://doi.org/10.1093/cid/ciz1113. 348 

Jo
urn

al 
Pre-

pro
of



16 
 

[10] Centers for Disease Control and Prevention. Surgical Site Infection (SSI) 349 

Event. https://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf: Centers for 350 

Disease Control and Prevention; 2020. 351 

[11] R Core Team (2021). R: A language and environment for statistical 352 

computing. . R Foundation for Statistical Computing, Vienna, Austria. URL 353 

https://www.R-project.org/. 354 

[12] Michalak G, Kwiatkowski A, Bieniasz M, Meszaros J, Czerwinski J, Wszola M, 355 

et al. Infectious complications after simultaneous pancreas-kidney transplantation. 356 

Transplantation proceedings 2005;37(8):3560-3. 357 

https://doi.org/10.1016/j.transproceed.2005.09.078. 358 

[13] Bassetti M, Salvalaggio PR, Topal J, Lorber MI, Friedman AL, Andriole VT, et 359 

al. Incidence, timing and site of infections among pancreas transplant recipients. The 360 

Journal of hospital infection 2004;56(3):184-90. 361 

https://doi.org/10.1016/j.jhin.2003.11.001. 362 

[14] World Health Organization. Report on the Burden of Endemic Health Care-363 

Associated Infection Worldwide, Clean Care is Safer Care. Patient Safety.  364 

[15] Kawecki D, Kwiatkowski A, Michalak G, Sawicka-Grzelak A, Mlynarczyk A, 365 

Sokol-Leszczynska B, et al. Surgical site infections in the early posttransplant period 366 

after simultaneous pancreas-kidney transplantation. Transplantation proceedings 367 

2009;41(8):3143-7. https://doi.org/10.1016/j.transproceed.2009.07.066. 368 

 369 

Jo
urn

al 
Pre-

pro
of



17 
 

Tables and Figures 370 

Table 1: Baseline characteristics of 108 simultaneous kidney-pancreas recipients 371 

and 22 pancreas recipients. 372 

 Kidney - Pancreas 
(N=108) 

Pancreas  

(N=22) 

Total  

(N=130) 

Recipient sex     

     Male 61 (56.0%) 13 (59.1%) 74 (56.5%) 

     Female 47 (43.5%) 9 (40.9%) 56 (43.5%) 

Recipient age at 
transplantation (median [IQR]) 

44.7 [37.0, 51.0] 42.6 [34.9, 48.4] 44.4 [36.6, 50.1] 

Recipient ethnicity     

      African 6 (5.6%) 1 (4.5%) 7 (5.4%) 

      Asian 1 (0.9%) 0 (0.0%) 1 (0.8%) 

      Caucasian 94 (87.9%) 21 (95.5%) 115 (89.1%) 

      Other 6 (5.6%) 0 (0.0%) 6 (4.7%) 

Recipient BMI (median [IQR]) 23.1 [21.1, 25.3] 22.8 [20.5, 25.0] 23.1 [21.1, 25.3] 

Tx history 5 (4.6%) 15 (68.2%) 20 (15.4%) 

Induction 
immunosuppression 

   

     None 3 (2.8%) 0 (0.0%) 3 (2.3%) 

     Basiliximab 20 (18.5%) 0 (0.0%) 20 (15.3%) 

     Thymoglobulin 83 (76.9%) 19 (86.4%) 102 (78.5%) 

     Basiliximab and 
thymoglobulin 

2 (1.9%) 1 (4.5%) 3 (2.3%) 

     Rituximab and thymoglobulin  0 (0.0%) 2 (9.1%) 2 (1.5%) 

Maintenance 
immunosuppression* 

   

     Tacrolimus-based regimen 91 (84.3%) 10 (45.5%) 101 (77.7%) 

     mTOR inhibitor-based 
regimen 

1 (0.9%) 0 (0.0%) 1 (0.8%) 

     Other 16 (14.8%) 12 (54.5%) 28 (21.5%) 

CIT (median [IQR], h)    

     Kidney 10.38 [8.92, 11.66]  10.38 [8.92, 11.66] 

     Pancreas 8.49 [7.18, 9.57] 7.95 [6.77, 9.43] 8.33 [7.08, 9.55] 

Donor sex    

     Male 70 (64.8%) 15 (68.2%) 85 (65.4%) 

     Female 38 (35.2%) 7 (31.8%) 45 (34.6%) 

Donor age (median [IQR]) 33.0 (22.8, 44.0) 30.5 (24.0, 36.8) 33.0 (23.3, 41.0) 

Donor type    

      DBD 108 (100.0%) 22 (100.0%) 130 (100.0%) 

Abbreviations: CIT cold ischemia time, DBD donation after brain death, Tx history prior solid organ 373 
transplant 374 

* Maintenance immunosuppressive regimen that was administered within the first week after 375 

transplantation. Other maintenance immunosuppression referred to a maintenance regimen that did 376 

not include cyclosporine A, tacrolimus or a mammalian target of rapamycin inhibitor (mTOR inhibitor).  377 
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Table 2: Univariable and multivariable logistic regression for identification of risk 378 

factors for SSIs 90 days post-transplant 379 

Abbreviations: BMI body mass index, CI confidence interval, CIT cold ischemia time, OR odds ratio, 380 

Tx history prior solid organ transplant 381 

  382 

 univariable multivariable  
OR [95% CI] p-value OR [95% CI] p-value 

Transplant procedure     
  Kidney - Pancreas reference  reference  
  Pancreas 0.98 [0.21, 3.34] 0.98 0.99 [0.26, 3.8] 0.99 

Recipient sex     
   Female reference    
   Male 0.72 [0.26, 1.99] 0.52   

Recipient age (years) 0.96 [0.91, 1.02] 0.19   

Recipient BMI (kg/m2) 1.03 [0.89, 1.19] 0.68   

Tx history 1.12 [0.24, 3.86] 0.87   

CIT pancreas (minutes) 1.00 [0.99, 1.00] 0.70 1.00 [0.99, 1.00] 0.70 

Induction 
immunosuppression 
with thymoglobuline 

1.09 [0.32, 5.00] 0.90   

Routine peri-operative 
antibiotic prophylaxis 
   Piperacillin/tazobactam 
   Amoxicillin/clavulanate 

 
 

reference 
1.50 [0.52, 4.95] 

 
 
 

0.47 

  

Donor sex     
   Female reference    
   Male 0.62 [0.22, 1.74] 0.35   

Donor age (years) 1.02 [0.97, 1.06] 0.51   
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Table 3: Multivariable accelerated failure time model predicting time to discharge 383 

 
ETR [95% CI] p-value 

Surgical site infection 1.36 [1.04, 1.79] 0.025 

Transplant-related complication 1.68 [1.37, 2.07] <0.001 

Delayed graft function 1.40 [1.04, 1.97] 0.029 

Age (year) 1.00 [0.9, 1.01] 0.767 

ETR: event time ratio 384 

  385 
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 386 

 387 
Figure 1: Flowchart of the study population selection 388 

Abbreviation: SSI surgical site infection 389 

  390 

Jo
urn

al 
Pre-

pro
of



21 
 

 391 
Figure 2: Frequency of detected pathogens in surgical site infections after 392 

simultaneous pancreas-kidney and pancreas transplantation (A) and time to 393 

occurrence of surgical site infection by pathogen (B) 394 

In two surgical site infections after simultaneous pancreas-kidney transplantation and 395 

in one surgical site infection after pancreas transplantation multiple pathogens were 396 

detected. 397 

 398 
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Table 1: Baseline characteristics of 108 simultaneous kidney-pancreas recipients 1 

and 22 pancreas recipients. 2 

 Kidney - Pancreas 
(N=108) 

Pancreas  

(N=22) 

Total  

(N=130) 

Recipient sex     

     Male 61 (56.0%) 13 (59.1%) 74 (56.5%) 

     Female 47 (43.5%) 9 (40.9%) 56 (43.5%) 

Recipient age at 
transplantation (median [IQR]) 

44.7 [37.0, 51.0] 42.6 [34.9, 48.4] 44.4 [36.6, 50.1] 

Recipient ethnicity     

      African 6 (5.6%) 1 (4.5%) 7 (5.4%) 

      Asian 1 (0.9%) 0 (0.0%) 1 (0.8%) 

      Caucasian 94 (87.9%) 21 (95.5%) 115 (89.1%) 

      Other 6 (5.6%) 0 (0.0%) 6 (4.7%) 

Recipient BMI (median [IQR]) 23.1 [21.1, 25.3] 22.8 [20.5, 25.0] 23.1 [21.1, 25.3] 

Tx history 5 (4.6%) 15 (68.2%) 20 (15.4%) 

Induction 
immunosuppression 

   

     None 3 (2.8%) 0 (0.0%) 3 (2.3%) 

     Basiliximab 20 (18.5%) 0 (0.0%) 20 (15.3%) 

     Thymoglobulin 83 (76.9%) 19 (86.4%) 102 (78.5%) 

     Basiliximab and 
thymoglobulin 

2 (1.9%) 1 (4.5%) 3 (2.3%) 

     Rituximab and thymoglobulin  0 (0.0%) 2 (9.1%) 2 (1.5%) 

Maintenance 
immunosuppression* 

   

     Tacrolimus-based regimen 91 (84.3%) 10 (45.5%) 101 (77.7%) 

     mTOR inhibitor-based 
regimen 

1 (0.9%) 0 (0.0%) 1 (0.8%) 

     Other 16 (14.8%) 12 (54.5%) 28 (21.5%) 

CIT (median [IQR], h)    

     Kidney 10.38 [8.92, 11.66]  10.38 [8.92, 11.66] 

     Pancreas 8.49 [7.18, 9.57] 7.95 [6.77, 9.43] 8.33 [7.08, 9.55] 

Donor sex    

     Male 70 (64.8%) 15 (68.2%) 85 (65.4%) 

     Female 38 (35.2%) 7 (31.8%) 45 (34.6%) 

Donor age (median [IQR]) 33.0 (22.8, 44.0) 30.5 (24.0, 36.8) 33.0 (23.3, 41.0) 

Donor type    

      DBD 108 (100.0%) 22 (100.0%) 130 (100.0%) 

Abbreviations: CIT cold ischemia time, DBD donation after brain death, Tx history prior solid organ 3 
transplant 4 

* Maintenance immunosuppressive regimen that was administered within the first week after 5 

transplantation. Other maintenance immunosuppression referred to a maintenance regimen that did 6 

not include cyclosporine A, tacrolimus or a mammalian target of rapamycin inhibitor (mTOR inhibitor). 7 
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Table 2: Univariable and multivariable logistic regression for identification of risk 1 

factors for SSIs 90 days post-transplant 2 

Abbreviations: BMI body mass index, CI confidence interval, CIT cold ischemia time, OR odds ratio, 3 

Tx history prior solid organ transplant 4 

 5 

 univariable multivariable  
OR [95% CI] p-value OR [95% CI] p-value 

Transplant procedure     
  Kidney - Pancreas reference  reference  
  Pancreas 0.98 [0.21, 3.34] 0.98 0.99 [0.26, 3.8] 0.99 

Recipient sex     
   Female reference    
   Male 0.72 [0.26, 1.99] 0.52   

Recipient age (years) 0.96 [0.91, 1.02] 0.19   

Recipient BMI (kg/m2) 1.03 [0.89, 1.19] 0.68   

Tx history 1.12 [0.24, 3.86] 0.87   

CIT pancreas (minutes) 1.00 [0.99, 1.00] 0.70 1.00 [0.99, 1.00] 0.70 

Induction 
immunosuppression 
with thymoglobuline 

1.09 [0.32, 5.00] 0.90   

Routine peri-operative 
antibiotic prophylaxis 
   Piperacillin/tazobactam 
   Amoxicillin/clavulanate 

 
 

reference 
1.50 [0.52, 4.95] 

 
 
 

0.47 

  

Donor sex     
   Female reference    
   Male 0.62 [0.22, 1.74] 0.35   

Donor age (years) 1.02 [0.97, 1.06] 0.51   

Jo
urn

al 
Pre-

pro
of



1 
 

Table 3: Multivariable accelerated failure time model predicting time to discharge 1 

 
ETR [95% CI] p-value 

Surgical site infection 1.36 [1.04, 1.79] 0.025 

Transplant-related complication 1.68 [1.37, 2.07] <0.001 

Delayed graft function 1.40 [1.04, 1.97] 0.029 

Age (year) 1.00 [0.9, 1.01] 0.767 

ETR: event time ratio 2 
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