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Abstract
Background
Simultaneous pancreas-kidney transplantation (SPKT) profoundly improves the health-related quality of life (HRQoL) of recipients. However, the influence of the pre-transplant dialysis modality on the success of the SPKT and post-transplant HRQoL remains unknown.

Methods
We analyzed the surgical outcome, long-term survival, as well as HRQoL of 83 SPKTs that were performed in our hospital between 2000 and 2016. Prior to transplant, 64 patients received hemodialysis (HD) and nineteen patients received peritoneal dialysis (PD). Physical and mental quality of life results from eight basic scales and the physical and mental component summaries (PCS and MCS) were measured using the Short Form 36 (SF-36) survey.

Results
Peri- and postoperative complications, as well as patient and graft survival were similar between the two groups. Both groups showed an improvement of HRQoL in all SF-36 domains after transplantation. Compared with patients who received HD before transplantation, PD patients showed significantly better results in four of the eight SF-36 domains: physical functioning (mean difference HD - PD: − 12.4 ± 4.9, P = < 0.01), bodily pain (− 14.2 ± 6.3, P < 0.01), general health (− 6.3 ± 2.8, P = 0.04), vitality (− 6.8 ± 2.6, P = 0.04), and PCS (− 5.2 ± 1.5, P < 0.01) after SPKT. In the overall study population, graft loss was associated with significant worsening of the HRQoL in all physical components (each P < 0.01).

Conclusions
The results of this analysis show that pre-transplant dialysis modality has no influence on the outcome and survival rate after SPKT. Regarding HRQoL, patients receiving PD prior to SPKT seem to have a slight advantage compared with patients with HD before transplantation.
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Introduction
Simultaneous pancreas-kidney transplantation (SPKT) offers considerable survival benefits for patients with insulin-dependent diabetes mellitus and end-stage renal disease (ESRD), because it restores long-term glycemic control and can reduce secondary diabetic complications [1–6].
Due to organ shortage, most of these patients must undergo long-term renal replacement therapy (RRT) prior to SPKT. With hemodialysis (HD) and peritoneal dialysis (PD), two efficient RRTs are available pre-transplant. However, both dialysis modalities substantially influence patients’ health, as well as their ability to work and participate in social activities. Conventional HD is usually performed intermittently three times a week in a dialysis center. During HD, uremic toxins are removed from the blood extracorporeally through a filter, which is generally considered as a stressful procedure, with an increased risk of cardiovascular diseases [7, 8]. By contrast, PD uses the peritoneum as a filter through which substances are exchanged with the blood. In general, PD offers greater flexibility as it can be performed at different time points, almost always at home and independent of medical staff, although it carries the risk of metabolic complications related to systemic glucose absorption from the dialysate (e.g. hyperlipidemia and decompensation of diabetes mellitus), and catheter-associated complications. PD catheter infection can lead to subsequent peritonitis, which remains the major cause of morbidity and mortality in PD patients [7, 9].
Apart from mere graft and patient survival rates after transplantation, measuring the health-Related Quality of Life (HRQoL) has become an issue of further interest as it provides an overall view of the impact of the disease process on psychosocial status. Monitoring the HRQoL helps to define how disease symptoms affect the patient’s life, physical and mental functioning, and their ability to cope with the new life situation after transplantation.
Recent studies have shown that patients generally experience better quality of life after SPKT compared with dialysis patients [4, 10–13]. However, the influence of dialysis modality prior to SPKT on the surgical outcome and HRQoL after transplantation is less clear. Thus, the current study has sought to analyze the outcome and HRQoL in diabetic patients with ESRD undergoing SPKT regarding pre-transplant dialysis modality.
Methods
Study population
Medical data from patients with insulin-dependent diabetes mellitus (type 1 or 2) and ESRD who received SPKT at the University Hospital of Leipzig between 2000 and 2016 were retrospectively analyzed. Our data source comprised a prospectively collected electronic database. Approval for this analysis was granted by the local ethics committee [AZ: Nr: 111–16-14,032,016]. Patients undergoing pre-emptive transplantation, re-transplants, living donor kidney transplantation, those aged younger than 18 years, and those with missing data were excluded from the study.
Outcome measures
Special emphasis was placed on the outcome of dialysis modality before transplantation (HD versus PD), recipient and donor characteristics, intra- and postoperative variables and complications such as patient, graft as well as HRQoL outcomes before (during dialysis) and after transplantation. Characteristics included age, gender, body mass index (BMI, weight in kg/height in m2), duration of insulin-dependent diabetes mellitus, duration of dialysis, and time on the waiting list. Cardiovascular disease included information about peripheral arterial obstructive disease and coronary heart disease (coronary artery bypass graft or stent). Peri- and post-transplant data included information on cold ischemia time of the kidney/pancreas, immunosuppressive therapy as well as patient and organ graft function.
Furthermore, complications occurring during the first 3 months after transplantation were analyzed. Surgical complications were defined as the need for relaparotomy within the first 3 months after transplantation. Intra-abdominal infections were defined as the development of infected fluid collection that required an intervention and/or antibiotic drug therapy. Gastrointestinal bleedings were defined as bleedings requiring relaparotomy or endoscopy, or patients suffering from sudden anemia combined with either melena or hematemesis. Other bleedings comprising intra-abdominal hemorrhages, were diagnosed by CT scan or relaparotomy performed due to acute anemia.
Health-related quality of life (HRQoL)
For measuring the HRQoL in this study, the most commonly-used and internationally-validated Medical Outcomes Study 36-Item Short Form Health Survey (SF-36) questionnaire was used. Patients were asked to evaluate their HRQoL before transplantation (undergoing dialysis), such as 1 year after transplantation. Therefore, SF-36 forms were completed at different time points after transplantation, but not earlier than 1 year after transplantation.
HRQoL was evaluated in a second assessment through written HRQoL questionnaires (SF-36) sent to all patients with an invitation to complete a quality-of-life survey retrospectively. The SF-36 survey was sent by mail to patients’ home addresses. Additionally, patients were interviewed via telephone or during a clinical visit, as indicated. Return envelopes were included free of charge. A period of 2 weeks was envisaged for returning questionnaires. All patients who had not returned the questionnaire after 2 weeks were contacted a second time via mail or telephone within another 14 days. Altogether, patients had 4 weeks to submit their responses. Prior to the study, informed consent of all patients and the local ethics committee [AZ: Nr: 111–16-14,032,016] was obtained. Because the HRQoL assessment was performed separately, it was not possible to correlate HRQoL scores with all clinical data. The average time span between transplantation and completion of the questionnaires was 8.6 ± 2.9 years.
The SF-36 has 36 questions (without specific one for renal failure or diabetes) that assess the ability to perform vigorous activities and activities for daily living and participate in social, family and occupational activities. Eight scales/dimensions describe domains of physical functions (PF, ten items), role limitations due to physical problems (PR, four items), bodily pain (BP, two items), a general perception of health (GH, five items), energy and vitality (VIT, four items), social functions (SF, two items), role limitations due to emotional problems (RE, three items), and mental health (MH, five items). The subscales can be combined into two summation scales measuring the overall physical and mental HRQoL: a physical component summary (PCS = PF + PR + BP + GH) and a mental component summary (MCS = VIT + SF + RE + MH). Subscale scores were transformed to a 0–100 scale, with 0 representing the least to 100 representing the greatest well-being.
Surgical techniques
The pancreas and kidney grafts were procured according to the guidelines provided by Eurotransplant (ET) [14]. As described earlier, the pancreas was explanted in a no-touch technique [15]. An illiac y-graft was used for reconstruction of the superior mesenteric and the lienal artery. The pancreas was transplanted transabdominally using a standard technique with an intraperitoneal location in the right iliac fossa [16]. Exocrine drainage was carried out with a side-to-side duodenojejunostomy [3, 17]. Kidneys were transplanted transabdominally into the left iliacal fossa. The ureter was implanted into the bladder according to the Lich-Gregoir technique using a double J intra-ureteral splint [16].
Immunosuppression
Immunosuppressive therapy comprised an induction therapy with the interleukin-2 receptor antagonist basiliximab or antithymocyte globulin, followed by a triple maintenance immunosuppression consisting of calcineurin inhibitors (tacrolimus or cyclosporine), and/or antimetabolites (mycofenolate mofetil or sirolimus) and tapered steroids (prednisolone).
Statistical analysis
Baseline data are presented as mean values with the standard deviation (SD), minimum or maximum range such as the proportion percentage (%). Baseline data were compared with appropriate statistical significance test including the Student’s t–test, χ2, analysis of variance (ANOVA), Kruskal-Wallis and Wilcoxon–Mann–Whitney tests. Analysis of covariance (ANCOVA) was used to adjust the difference between the two groups after SPKT, with hemodialysis as one predictor and baseline measurements of HRQoL domains (before SPKT) as the other. Survival rates were calculated using the Kaplan-Meier analysis and the log-rank test was applied to test statistical significance. Graft survival was calculated as the time from initial transplant to graft failure (re-start of dialysis), censoring for death with a functioning graft and grafts still functioning at time of analysis. Patient survival is defined as time from transplant to patient death, censoring for patients still alive at time of analysis. If a recipient was alive or lost to follow-up at time of last contact, then survival time was censored at time of last contact. Multivariate Cox proportional hazards analysis was applied to assess independent predictors of patient death and pancreas graft failure, including clinically-relevant variables and/or those presenting P ≤ 0.15 in univariate analysis: recipient gender, BMI and age, dialysis modality (HD versus PD), time on dialysis, years of diabetes mellitus, concomitant cardiovascular disease and surgical complications. SPSS software (SPSS Inc., Chicago, Illinois, USA, version 21.0) was used for statistical analysis and graphs. A P value < 0.05 was considered as statistically significant.
Results
Baseline characteristics
The overall study population included 83 patients receiving SPKT in our department between 2000 and 2016. At the time of transplantation, 64 patients obtained HD and nineteen patients used PD. Continuous ambulatory peritoneal dialysis was used by fourteen patients (74%) and automatic peritoneal dialysis was used by five patients (26%) among the PD group. Recipient, donor and graft characteristics according to the different dialysis types prior to transplantation are summarized in Table 1. The two groups were similar for the majority of their pre-transplant characteristics, while the number of female recipients was higher in the PD group (P = 0.017), and a history of depression was more frequent in the HD group (P = 0.049). HLA mismatches, post-transplant immunosuppressive regimes and lengths of hospital stay did not show significant differences between the two groups (data not shown).
Table 1Demographic and clinicopathologic characteristics of the study cohort prior to transplantation. Data are shown as mean ± SD. ALT, antilymphocyte globulin; ATG, anti-thymocyte globulin; BMI, body mass index; CMV, cytomegalovirus; D+, donor positive; R+ recipient positive; HbA1c, glycated hemoglobin; HD, hemodialysis; IL-2 RA, Interleukin-2 receptor antagonist; PD, peritoneal dialysis; SPKT, simultaneous pancreas-kidney transplantation


	Variables
	HD (N = 64)
	PD (N = 19)
	P-value

	Recipient

	 Age, years
	43.8 ± 9.1
	43.2 ± 9.7
	0.845

	Gender

	  Male
	40 (62. 5%)
	6 (31.6%)
	0.017

	  Female
	24 (37.5%)
	13 (68.4%)

	 BMI, kg/m2
	25.8 ± 4.4
	24 ± 3.6
	0.105

	 Duration diabetes mellitus, years
	27.1 ± 8.4
	26.1 ± 8.6
	0.685

	 Time on dialysis, months
	30.5 ± 21.3
	27.0 ± 22.1
	0.536

	 HbA1c pre-transplantation, %
	7.7 ± 1.8
	7.7 ± 1.2
	0.940

	 Time on waiting list, months
	10.9 ± 13.6
	7.2 ± 6.9
	0.242

	Comorbidities

	  Diabetic retinopathy
	56 (87.5%)
	13 (68.4%)
	0.050

	  Diabetic neuropathy
	39 (60.9%)
	11 (57.9%)
	0.812

	  Arterial obstructive disease
	12 (18.8%)
	2 (10.5%)
	0.401

	  Coronary heart disease
	21 (32.8%)
	2 (10.5%)
	0.050

	  Depression
	21 (32.8%)
	2 (10.5%)
	0.049

	 Taking aspirin pre-SPKT
	23 (35.9%)
	9 (47.4%)
	0.367

	Donor

	 Age, years
	24.1 ± 11.8
	19.2 ± 7.8
	0.109

	Gender

	  Male
	37 (57.8%)
	14 (73.3%)
	0.212

	  Female
	27 (42.2%)
	5 (26.3%)

	 BMI, kg/m2
	22.4 ± 3.1
	22.1 ± 2.8
	0.987

	Graft

	 Kidney cold ischemia, hours
	11.0 ± 3.3
	11.1 ± 2.6
	0.978

	 Pancreas cold ischemia, hours
	10.1 ± 1.9
	10.9 ± 3.9
	0.294

	CMV status

	 CMV D +
	31 (48.4%)
	11 (64.7%)
	0.211

	 CMV R +
	36 (56.3%)
	13 (68.4%)
	0.343

	Induction Therapy

	 ALG/ ATG
	54 (84.4%)
	15 (78.9%)
	0.864

	 IL2-RA
	7 (10.9%)
	3 (15.8%)
	0.568

	 None
	3 (4.7%)
	1 (5.3%)
	0.916




Outcome
Complications
There were no significant differences in the frequency of peri- and postoperative complications between HD and PD SPKT recipients (Table 2). The global relaparotomy rate was similar between the two groups (HD: 35% versus PD: 36%; P = 0.77).
Table 2Post-transplant complications and causes of relaparotomy. CMV, cytomegalovirus; GI, gastrointestinal; HD, hemodialysis; PD, peritoneal dialysis; SPKT, simultaneous pancreas-kidney transplantation


	Variables
	HD (N = 64)
	PD (N = 19)
	P-value

	 Acute combined graft rejection
	12 (19%)
	3 (16%)
	0.769

	 Delayed graft function kidney
	10 (16%)
	2 (11%)
	0.80

	 Anastomotic leak
	2 (3%)
	1 (5%)
	0.66

	 Graft thrombosis
	7 (11%)
	4 (21%)
	0.254

	 GI-bleeding
	7 (11%)
	1 (5%)
	0.426

	 Other major bleeding
	9 (14%)
	2 (11%)
	0.69

	 Intra-abdominal infection
	13 (20%)
	5 (26%)
	0.577

	 Graft pancreatitis
	11 (17%)
	3 (16%)
	0.88

	 CMV infection
	21 (33.3%)
	5 (26.3%)
	0.564

	 Wound infections
	9 (14%)
	3 (16%)
	0.851

	Re-operation/ relaparotomy
	23 (35%)
	7 (36%)
	0.77

	Causes relaparotomy

	  Infection
	8 (13%)
	2 (11%)
	0.76

	  Bleeding
	6 (9%)
	1 (5%)
	0.51

	  Thrombosis
	7 (11%)
	3 (16%)
	0.54

	  Others
	2 (3%)
	1 (5%)
	0.66




After transplantation, eighteen patients developed intra-abdominal infections (HD: 20% versus PD: 26%; P = 0.577). There were eight bacterial infections, two fungal infections and eight cultured positive for both bacteria and fungi. Intra-abdominal infections were complicated with graft pancreatitis in nine cases (HD: 10% versus PD: 11%; P = 0.89) and relaparotomy was necessary in ten cases (HD: 13% versus PD: 11%; P = 0.76). Four out of nineteen PD patients had a history of peritonitis during their time on dialysis, including two patients with two or more episodes of peritonitis. A history of peritonitis was not associated with an increased risk of complications after transplantation, whereby only one of these patients had an intra-abdominal infection and one patient developed pancreatitis post-transplant.
Patient and graft survival
The 3- and 5-year patient survival rates for patients after SPKT showed no significant differences between the HD and PD group (98.2 and 96.1% in HD versus 92.9 and 92.9% in PD, respectively; P = 0.559). Similarly, the 1-, 3- and 5- year pancreas graft survival rates (94.6, 90.3 and 85.8% in HD versus 88.2, 81.9 and 81.9% in PD, respectively; P = 0.901) and kidney graft survival rates (98.2, 96.4 and 84.3% in HD versus 88.2, 88.2 and 80.2% in PD, respectively; P = 0.712) did not show any significant differences between the two groups (Fig. 1).
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Fig. 1(a) Patient, (b) pancreas graft and (c) kidney graft survival after SPKT according to dialysis modality. HD, hemodialysis; PD, peritoneal dialysis


As shown in Table 3, no significant differences were found between the type of pre-transplant dialysis modality and causes for patient death and graft failure. However, we noted a tendency of higher graft losses due to thrombosis in PD patients (HD: 4.7% versus PD: 15.8%; P = 0.10).
Table 3Causes of patient death and pancreas and kidney graft loss after simultaneous pancreas-kidney transplantation


	Variables
	HD (N = 64)
	PD (N = 19)
	P-value

	Patient death

	 Total
	12 (19%)
	3 (16%)
	0.78

	 Cardiovascular
	6 (9.4%)
	2 (10.5%)
	0.88

	 Infection
	4 (6.3%)
	1 (5.3%)
	0.87

	 Other
	2 (3.1%)
	0 (0%)
	0.43

	Pancreas graft failure

	 Total
	15 (23%)
	5 (26%)
	0.79

	 Rejection
	3 (4.7%)
	0 (0%)
	0.33

	 Thrombosis
	3 (4.7%)
	3 (15.8%)
	0.10

	 Bleeding
	2 (3.1%)
	0 (0%)
	0.43

	 Infection
	5 (7.8%)
	2 (10.5%)
	0.70

	 Other
	2 (3.1%)
	0 (0%)
	0.43

	Kidney graft failure

	 Total
	13 (20%)
	3 (16%)
	0.19

	 Rejection
	6 (9%)
	1 (5%)
	0.32

	 Thrombosis
	2 (3%)
	1 (5%)
	0.66

	 Infection
	3 (5%)
	1 (5%)
	0.91

	 Other
	2 (3%)
	0 (0%)
	0.45




Multivariate Cox regression analysis of the total study population revealed that the presence of cardiovascular disease is an independent predictor of patient death. Moreover, the preoperative presence of cardiovascular disease, recipient age, BMI, duration of pre-transplant dialysis and surgical complications could be identified as independent predictors of pancreas and kidney graft loss (Table 4).
Table 4Multivariate Cox regression analysis of predictors of patient death and pancreas graft loss. BMI, body mass index; HD, hemodialysis; HR (95CI), hazard ratio (95% confidence interval); PD, peritoneal dialysis


	Variables
	HR (95 CI)
	P-value

	Patient death

	 Cardiovascular disease
	6.12 (1.7–21.19
	0.005

	 Dialysis modality (PD vs HD)
	1.72 (0.3 7–7.71)
	0.70

	 Recipient age
	0.96 (0.90–1.04)
	0.33

	 Recipient gender (male vs female)
	1.36 (0.41–4.44)
	0.60

	 Months on dialysis
	1.01 (0.9–1.0)
	0.25

	 Years of diabetes
	1.01 (0.9–1.2)
	0.65

	 Recipient BMI
	1.02 (0.88–1.18)
	0.75

	Pancreas graft failure

	 Cardiovascular disease
	3.36 (1.14–9.89)
	0.02

	 Dialysis modality (PD vs HD)
	1.35 (0.43–4.27)
	0.60

	 Recipient age
	1.2 (0.99–1.12)
	0.01

	 Recipient gender (male vs female)
	2.01 (0.81–4.92)
	0.129

	 Months on dialysis
	0.98 (0.96–1.10)
	0.001

	 Years of diabetes
	1.02 (0.94–1.06)
	0.95

	 Surgical complications
	6.48 (2.66–15.74)
	0.001

	 Recipient BMI
	1.2 (1.08–1.35)
	0.01

	Kidney graft failure

	 Cardiovascular disease
	2.53 (0.82–7.46)
	0.019

	 Dialysis modality (PD vs HD)
	1.01 (0.28–3.59)
	0.986

	 Recipient age
	1.2 (0.99–1.12)
	0.01

	 Recipient gender (male vs female)
	2.1 (0.75–6.1)
	0.15

	 Months on dialysis
	0.96 (0.93–1.2)
	0.001

	 Years of diabetes
	1.1 (0.95–1.08)
	0.74

	 Surgical complications
	3.4 (1.5–6.9)
	0.03

	 Recipient BMI
	1.19 (1.06–1.33)
	0.003




Health-related quality of life (HRQoL)
Impact of pre-transplant dialysis modality
Tables 5 compares the HRQoL scores of SPKT recipients according to their dialysis modality before and after transplantation. Both groups showed an improvement of HRQoL in all SF-36 domains after transplantation. There were statistically significant improvements in six of the eight SF-36 domains in the HD group, and in seven of the eight SF-36 domains in the PD group.
Table 5Comparison of HRQoL between HD and PD patients before and after SPKT. Data are shown as mean ± SD. HD, hemodialysis; MCS, mental component summary; MD, mean difference; PCS, physical component summary; PD, Peritoneal dialysis; SF-36, Short Form 36; SPKT, simultaneous pancreas-kidney transplantation


	 	Groups
	HD - PD

	SF-36 dimensions
	HD (N = 64)
	PD (N = 19)
	Before SPKT
	After SPKT

	Before SPKT
	After SPKT
	P-value
	Before SPKT
	After SPKT
	P-value
	MD
	P-value
	MD
	P-value

	Physcial functioning
	48.3 ± 13.3
	68.9 ± 8.9
	< 0.01
	63.8 ± 17.7
	81.3 ± 15.9
	0.030
	− 15.2 ± 7.1
	0.028
	− 12.4 ± 4.9
	< 0.01

	Role limitations- physical
	38.3 ± 31.3
	60.7 ± 25.4
	0.040
	56.2 ± 43.8
	72.9 ± 19.8
	< 0.01
	− 17.9 ± 16.4
	0.267
	− 12.2 ± 9.1
	0.49

	Bodily Pain
	44.2 ± 21.2
	71.1 ± 8.5
	< 0.01
	64.1 ± 17.6
	85.3 ± 9.8
	< 0.01
	− 19.9 ± 9.3
	0.034
	− 14.2 ± 6.3
	< 0.01

	General health
	36.5 ± 16.1
	61.6 ± 7.5
	< 0.01
	48.8 ± 7.0
	67.9 ± 6.8
	< 0.01
	− 12.3 ± 6.3
	0.053
	− 6.3 ± 2.8
	0.04

	Social function
	55.8 ± 17.6
	65.2 ± 12.2
	0.110
	68.8 ± 11.6
	73.9 ± 11.2
	0.329
	− 13.0 ± 7.4
	0.077
	− 8.7 ± 4.6
	0.15

	Vitality
	42.7 ± 11.2
	61.1 ± 7.4
	< 0.01
	48.8 ± 18.5
	67.9 ± 5.4
	< 0.01
	− 6.1 ± 6.6
	0.333
	− 6.8 ± 2.6
	0.04

	Role limitations- emotional
	44.4 ± 29.9
	61.9 ± 28.8
	0.122
	66.7 ± 30.9
	83.3 ± 22.5
	0.178
	− 22.3 ± 12.9
	0.109
	− 21.4 ± 10.3
	0.36

	Mental Health
	51.4 ± 16.4
	63.4 ± 5.8
	0.010
	49.5 ± 2.8
	62.3 ± 8.2
	< 0.01
	− 1.9 ± 4.9
	0.681
	− 1.1 ± 2.7
	0.96

	PCS
	34.9 ± 5.8
	45.6 ± 4.6
	< 0.01
	43.1 ± 8.6
	50.8 ± 2.5
	< 0.01
	− 8.2 ± 3.1
	0.013
	− 5.2 ± 1.5
	< 0.01

	MCS
	40.2 ± 6.6
	44.7 ± 4.5
	0.042
	41.6 ± 5.4
	46.8 ± 3.8
	0.021
	−1.4 ± 2.9
	0.624
	− 2.1 ± 1.6
	0.32




Before transplantation, benefits were seen for the PD patients, with statistically significant differences in terms of physical functioning (P = 0.028), bodily pain (P = 0.034), and in the physical component summary (PCS) (P = 0.013) compared with patients receiving HD prior to transplantation (Table 5). After SPKT, PD patients showed significantly better results in four of the eight SF-36 domains compared with HD patients: physical functioning (P < 0.01), bodily pain (P < 0.01), general health (P = 0.04), vitality (P = 0.04) and PCS (P < 0.01).

Impact of demographical and clinical variables
We separately analyzed the possible impact of three factors – age, gender and graft loss – on the HRQoL of the overall study population after SPKT (Table 6). Regarding patients’ age, there was a significant difference in physical functioning (P = 0.04), general health (P < 0.01) and role limitations (P = 0.03). In the univariate analysis, patients’ gender showed no influence on HRQoL after SPKT. Graft loss (kidney or pancreas) led to a significant decrease in all physical components (each P < 0.01) and mental health status (P = 0.01) of the SF-36.
Table 6Univariate analysis: impact of clinical and demographical variables on SF-36 results of all patients after transplantation (n = 83). Data are shown as mean ± SD


	SF-36 dimensions
	Age
	Gender
	Graft loss

	< 45 years
	> 45 years
	P-value
	Male
	Female
	P-value
	No
	Yes
	P-value

	Physcial functioning
	80.1 ± 11.2
	69.8 ± 14.3
	0.04
	77.8 ± 13.4
	74.2 ± 14.3
	0.499
	86.8 ± 6.8
	65.6 ± 10.3
	< 0.01

	Role limitations- physical
	73.5 ± 20.6
	61.1 ± 13.1
	0.09
	69.3 ± 17.6
	67.6 ± 20.1
	0.308
	76.3 ± 15.1
	45.8 ± 10.2
	< 0.01

	Bodily Pain
	80.1 ± 11.7
	72.2. ± 9.6
	0.1
	79.8 ± 12.3
	76.1 ± 11.1
	0.416
	81.8 ± 8.9
	67.9 ± 7.7
	< 0.01

	General health
	67.9 ± 5.8
	59.8 ± 7.6
	< 0.01
	63.1 ± 9.1
	66.4 ± 5.2
	0.276
	82.8 ± 8.5
	46.7 ± 5.8
	< 0.01

	Social function
	72.1 ± 10.4
	63.9 ± 14.6
	0.11
	68.2 ± 15.6
	70.0 ± 10.4
	0.719
	73.9 ± 11.2
	65.0 ± 12.1
	0.08

	Vitality
	66.2 ± 5.7
	61.8 ± 9.2
	0.15
	67.3 ± 7.2
	61.3 ± 6.7
	0.047
	66.4 ± 5.9
	55.2 ± 5.1
	0.06

	Role limitations- emotional
	82.1 ± 22.4
	61.5 ± 23.7
	0.03
	68.9 ± 29.4
	75.8 ± 21.6
	0.545
	80.1 ± 5.1
	61.1 ± 20.3
	0.09

	Mental Health
	63.3 ± 7.9
	62.4 ± 5.6
	0.66
	63.7 ± 7.5
	61.8 ± 6.3
	0.498
	65.1 ± 5.6
	57.1 ± 1.3
	0.01





Discussion
Post-transplant outcome and survival
Infectious complications remain a significant cause of morbidity and mortality after SPKT [3, 4, 6, 18]. A much-debated question is whether pre-transplant PD increases the risk for intra-abdominal infections after transplantation due to the risk of catheter-associated peritonitis. Binaut et al. showed a higher rate of parietal sepsis in PD patients after kidney transplantation alone (KTA) compared with patients who received HD prior to transplantation [19]. Martins et al. reported a significantly higher rate of pancreas loss due to infection among PD patients after SPKT (HD: 3.4% versus PD: 12.8%; P = 0.042), whereas ten out of 39 (25.6%) PD patients had peritonitis in their past [20]. By contrast, other studies have reported no difference in surgical outcome between HD and PD patients after SPKT [21–24]. Our analysis could not reveal significant differences in intra-abdominal infection rates after SPKT between the two groups, and there was no correlation between the incidence of pre-transplant peritonitis and post-transplant intra-abdominal infection. Besides dialysis modality, the incidence of intra-abdominal infection after SPKT may be related to other factors, namely surgical technique (especially pancreas-anastomosis), the length of hospital stays and the intensity of immunosuppression.
In the literature, there are reports of an increased graft loss in PD patients compared with HD patients post-transplant. After KTA, an increased graft loss in PD patients is reported, mainly due to renal vascular thrombosis [25, 26]. In a study investigating outcomes after SPKT, Martins et al. reported a significantly higher rate of thrombosis-driven relaparotomy in PD patients compared with HD patients. Moreover, they recognized a near significant higher rate of renal graft loss due to thrombosis in PD patients compared with HD patients [20]. In our study, no correlations were found between pre-transplant dialysis modality and patient or graft survival. Only the rate of pancreas graft failure due to thrombosis was non-significantly higher in the PD group (HD: 4.7% versus PD: 15.8%, P = 0.10). However, these data must be interpreted with caution, because other variables such as patient comorbidities (cardiovascular diseases, BMI), along with recipient age and time on dialysis might be additional factors that influence the outcome and survival.
Health-related quality of life (HRQoL)
Pre-transplant HRQoL
Most published studies evaluating dialysis patients waiting for KTA show inconclusive results related to pre-transplant HRQoL and dialysis modality [27]. Previous publications have used a broad range of measures to assess HRQoL and analyzed patients with different demographic characteristics and medical history. Our findings indicate that PD is associated with a significantly better physical functioning and physical component summary before SPKT compared with patients receiving HD as a pre-transplant dialysis modality. Moreover, besides mental health, all other components of the SF-36 score were (although not significantly) higher in PD patients. The better reported quality of life among PD patients may stem from the positive effect of medical self-management through PD, which can be performed independently or with the help of a caregiver and develops a sense of personal control, which positively correlates with features of HRQoL. By contrast, conventional HD is a stressful process and time spent on a dialysis ward can contribute to a lower quality of life, as the number of hours in HD hinders professional and social functioning.
Post-transplant HRQoL
The HRQoL of patients improved in both study groups after transplantation, which underlines the therapeutic success of SPKT, besides medical outcomes and objective clinical parameters. This is in line with most published studies showing a significant improvement in patient-reported general HRQoL after SPKT and better diabetes-specific quality of life [4, 10–13].
Psychiatric disorders could influence the poor evaluation of the quality of life among HD patients [28]. HD carries the risk of vascular dehydration and hypotension following cerebellar hypoperfusion and may lead to cognitive impairment and cardiovascular diseases [29–31]. Sapilak revealed a strong negative correlation of HRQoL of HD patients with depression symptoms and anxiety [32]. In a study by Smith et al. evaluating 37 patients pre-transplant and 4 months after SPKT, approximately half of the patients showed an improvement of HRQoL, although one-third even experienced reduced HRQoL. The authors showed that pre-existing psychiatric disorders at the time of transplant were the only significant predictor of reduced quality of life following pancreas transplantation [33]. In line with these reports, in our study the rate of depression in patient history was significantly higher in the HD group (P = 0.049). However, with a small sample size and missing details about psychosocial status and longitudinal periodic assessment of depression disease, caution must be applied as the findings might not be representative.
In the literature, the relative importance of patients’ gender on HRQoL after transplantation is debated. In a study by Rajkumar et al., 12 months after transplantation (KTA or SPKT) most HRQoL scores (seven out of eight) were better for women than for men. Moreover, HRQoL scores of female recipients were not statistically different from the control group in the general population [12]. The authors postulated that differences in expectations and appreciation of improvements in health after transplantation, differences in social network and emotional support may provide an explanation for these findings. Other reports have favored men and shown that female gender is a negative predictive factor of HRQoL after SPKT [10, 33]. In a study by Martin et al. evaluating HRQoL in 60 male and 66 female SPKT patients, no lower scores for female patients were observed [11]. Different results in the literature may be explained by different follow-up periods, study populations and study designs/questionnaires. In our analysis, the number of female recipients was significantly higher in the PD group (P = 0.017), although we did not observe gender-based differences in the overall study population.
In the present study, we have shown that graft loss has a significant impact on HRQoL after SPKT due to a loss of independence from insulin therapy and freedom from dialysis. This is in line with previous publications in which graft loss has been associated with significant worsening of the HRQoL [4, 34, 35], and maintenance of two functioning grafts seems to be an independent predictor of higher post-transplant quality-of-life scores [11]. Furthermore, the results of Sutherland et al. indicate that achieving insulin independence improves QOL more than becoming dialysis-free [4].
Limitations
There are some notable limitations of this study that should be mentioned, related to the data source and study design. The main limitations of the study are its retrospective nature, the heterogenous group size and the fact that all data collection was undertaken at one time, which make it difficult to evaluate the causality of the findings and associations. As such, there may be some amount of variation from year to year with changes in the outcome and level of HRQoL. Second, not only disease or dialysis modality determine one’s view of life quality, but also many non-disease factors (work, education, and other sociodemographic factors) play important additive role in the perception of HRQoL. The option for PD or HD normally depends on the patient’s condition (comorbid situations, vascular and peritoneal conditions), autonomy and convenience, as well as the health care system (dialysis center factors).
Conclusions
Both dialysis modalities are generally associated with good outcomes and an improvement of HRQoL after SPKT. PD prior to SPKT seems to offer a slight advantage compared with HD before transplantation. Further prospective, controlled and randomized studies are needed to evaluate sociodemographic factors with an impact on the outcome and HRQoL.
Acknowledgements
We acknowledge support from the German Research Foundation (DFG) and University of Leipzig within the program of Open Access Publishing.

Authors’ contributions
HMH and RS were responsible for the study conception and design; HMH, NJ, SR, ES and RS were responsible for data acquisition; US, HMH, SR, and RS analyzed and interpreted the data; US, HMH, SR and RS drafted the manuscript; and NJ, ES, and DS critically revised the manuscript. All authors read and approved the final manuscript.

Funding
This work was supported by the German Research Foundation (DFG) and Leipzig University within the program of Open Access Publishing. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. Open Access funding provided by Projekt DEAL.

Availability of data and materials
Our database contains highly sensible data which may provide insight in clinical and personnel information about our patients and lead to identification of these patients. Therefore, according to organizational restrictions and regulations these data cannot be made publically available. However, the datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.

Ethics approval and consent to participate
The study was approved by the local ethical commission board from the University of Leipzig (AZ EK: 111–16-14032016). Prior to the study, the patients were informed of the purpose of the research. Participants were assured of their right of refusal to participate or to withdraw from the study at any stage. The participants’ names were removed from the data.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Dean PG, Kudva YC, Stegall MD. Long-term benefits of pancreas transplantation. Curr Opin Organ Transplant. 2008;13(1):85–90. https://​doi.​org/​10.​1097/​MOT.​0b013e3282f2fd7f​ Review. PubMed PMID: 18660712.CrossrefPubMed

	2.
Mohan P, Safi K, Little DM, Donohoe J, Conlon P, Walshe JJ, O'Kelly P, Thompson CJ, Hickey DP. Improved patient survival in recipients of simultaneous pancreas-kidney transplant compared with kidney transplant alone in patients with type 1 diabetes mellitus and end-stage renal disease. Br J Surg. 2003;90(9):1137–41 PubMed PMID: 12945083.Crossref

	3.
Sollinger HW, Odorico JS, Becker YT, D’Alessandro AM, Pirsch JD. One thousand simultaneous pancreas-kidney transplants at a single center with 22-year follow-up. Ann Surg. 2009;250:618–30.PubMed

	4.
Sutherland DE, Gruessner RW, Dunn DL, Matas AJ, Humar A, Kandaswamy R, Mauer SM, Kennedy WR, Goetz FC, Robertson RP, Gruessner AC, Najarian JS. Lessons learned from more than 1,000 pancreas transplants at a single institution. Ann Surg. 2001;233(4):463–501 Review. PubMed PMID: 11303130; PubMed Central PMCID: PMC1421277.Crossref

	5.
Van Dellen D, Worthington J, Mitu-Pretorian OM, Ghazanfar A, Forgacs B, Pararajasingam R, Campbell B, Parrott NR, Augustine T, Tavakoli A. Mortality in diabetes: pancreas transplantation is associated with significant survival benefit. Nephrol Dial Transplant. 2013;28(5):1315–22. https://​doi.​org/​10.​1093/​ndt/​gfs613 Epub 2013 Mar 19. PubMed PMID: 23512107.CrossrefPubMed

	6.
White SA, Shaw JA, Sutherland DE. Pancreas transplantation. Lancet. 2009;373(9677):1808–17. https://​doi.​org/​10.​1016/​S0140-6736(09)60609-7 Review. PubMed PMID: 19465236.CrossrefPubMed

	7.
Fischer A. Hemo- and peritoneal dialysis: what non-nephrologists should know. Ther Umsch. 2018;75(6):387–94. https://​doi.​org/​10.​1024/​0040-5930/​a001013 Review. German. PubMed PMID: 30880624.CrossrefPubMed

	8.
Cozzolino M, Mangano M, Stucchi A, Ciceri P, Conte F, Galassi A. Cardiovascular disease in dialysis patients. Nephrol Dial Transplant. 2018;33(suppl_3):iii28–34. https://​doi.​org/​10.​1093/​ndt/​gfy174 Review. PubMed PMID: 30281132; PubMed Central PMCID: PMC6168816.CrossrefPubMedPubMedCentral

	9.
Mehrotra R, Devuyst O, Davies SJ, Johnson DW. The current state of peritoneal Dialysis. J Am Soc Nephrol. 2016;27(11):3238–52 Epub 2016 Jun 23. Review. PubMed PMID: 27339663; PubMed Central PMCID: PMC5084899.Crossref

	10.
Isla Pera P, Moncho Vasallo J, Torras Rabasa A, Oppenheimer Salinas F. Fernández Cruz Pérez L, Ricart Brulles MJ. Quality of life in simultaneous pancreas-kidney transplant recipients. Clin Transpl. 2009;23(5):600–5. https://​doi.​org/​10.​1111/​j.​1399-0012.​2009.​01054.​x Epub 2009 Aug 11. PubMed PMID: 19674015.Crossref

	11.
Martins LS, Outerelo C, Malheiro J, Fonseca IM, Henriques AC, Dias LS, Rodrigues AS, Cabrita AM, Noronha IL. Health-related quality of life may improve after transplantation in pancreas-kidney recipients. Clin Transpl. 2015;29(3):242–51. https://​doi.​org/​10.​1111/​ctr.​12511 Epub 2015 Jan 30. PubMed PMID: 25581297.Crossref

	12.
Rajkumar T, Mazid S, Vucak-Dzumhur M, Sykes TM, Elder GJ. Health-related quality of life following kidney and simultaneous pancreas kidney transplantation. Nephrology (Carlton) 2019 Sep;24(9):975–982. doi: https://​doi.​org/​10.​1111/​nep.​13523. Epub 2019 Apr 29. PubMed PMID: 30393905.

	13.
Sureshkumar KK, Patel BM, Markatos A, Nghiem DD, Marcus RJ. Quality of life after organ transplantation in type 1 diabetics with end-stage renal disease. Clin Transpl. 2006;20(1):19–25 PubMed PMID: 16556148.Crossref

	14.
Eurotransplant. Chapter 9: The Donor. https://​eurotransplant.​org/​cms/​mediaobject.​php?​file=​H9+The+Donor_​August+20161.​pdf. Accessed 19 Jan 2020.

	15.
Ladurner R, Steurer W. Technik der Multiorganentnahme. Viszeralchirurgie. 2004;39:439–42.Crossref

	16.
Sollinger HW, Odorico JS, Knechtle SJ, D’Alessandro AM, Kalayoglu M, Pirsch JD. Experience with 500 simultaneous pancreas-kidney transplants. Ann Surg. 1998;228:284–96.Crossref

	17.
Dholakia S, Mittal S, Quiroga I, Gilbert J, Sharples EJ, Ploeg RJ, et al. Pancreas transplantation: past, present, future. Am J Med. 2016;129:667–73.Crossref

	18.
Pérez-Sáez MJ, Toledo K, Navarro MD, Redondo MD, León C, Arjona A, Agüera ML, Rodríguez-Benot A, Aljama P. Long-term survival of simultaneous pancreas-kidney transplantation: influence of early posttransplantation complications. Transplant Proc. 2011;43(6):2160–4. https://​doi.​org/​10.​1016/​j.​transproceed.​2011.​05.​025 PubMed PMID: 21839221.CrossrefPubMed

	19.
Binaut R, Hazzan M, Pruvot FR, Dracon M, Lelièvre G, Noël C. Comparative study of chronic ambulatory peritoneal dialysis versus hemodialysis patients after kidney transplantation: clinical and financial assessment. Transplant Proc. 1997;29(5):2428 PubMed PMID: 9270795.Crossref

	20.
Martins LS, Malheiro J, Pedroso S, Almeida M, Dias L, Henriques AC, Silva D, Davide J, Cabrita A, Noronha IL, Rodrigues A. Pancreas-kidney transplantation: impact of dialysis modality on the outcome. Transpl Int 2015 Aug;28(8):972–979. doi: https://​doi.​org/​10.​1111/​tri.​12565. Epub 2015 Apr 8. PubMed PMID: 25790131.

	21.
Kim RD, Oreopoulos DG, Qiu K, McGilvray ID, Greig PD, Wright E, Grant DR, Cattral MS. Impact of mode of dialysis on intra-abdominal infection after simultaneous pancreas-kidney transplantation. Transplantation. 2005;80(3):339–43 PubMed PMID: 16082329.Crossref

	22.
Marcacuzco A, Jiménez-Romero C, Manrique A, Calvo J, Cambra F, Caso Ó, García-Sesma Á, Nutu A, Justo I. Outcome of patients with hemodialysis or peritoneal dialysis undergoing simultaneous pancreas-kidney transplantation. Comparative study. Clin Transplant 2018 Jun;32(6):e13268. doi: https://​doi.​org/​10.​1111/​ctr.​13268. Epub 2018 May 17. PubMed PMID: 29683218.

	23.
Padillo-Ruiz J, Arjona-Sánchez A, Muñoz-Casares C, Ruiz-Rabelo J, Navarro MD, Regueiro JC. Impact of peritoneal dialysis versus hemodialysis on incidence of intra-abdominal infection after simultaneous pancreas-kidney transplant. World J Surg 2010 Jul;34(7):1684–1688. doi: https://​doi.​org/​10.​1007/​s00268-010-0527-z. PubMed PMID: 20300749.

	24.
Räihä J, Helanterä I, Ekstrand A, Nordin A, Sallinen V, Lempinen M. Effect of Pretransplant Dialysis Modality on Outcomes After Simultaneous Pancreas-Kidney Transplantation. Ann Transplant. 2019;24:426–31. https://​doi.​org/​10.​12659/​AOT.​916649 PubMed PMID: 31320604; PubMed Central PMCID: PMC6668491.CrossrefPubMedPubMedCentral

	25.
Ojo AO, Hanson JA, Wolfe RA, Agodoa LY, Leavey SF, Leichtman A, Young EW, Port FK. Dialysis modality and the risk of allograft thrombosis in adult renal transplant recipients. Kidney Int 1999 May;55(5):1952–1960. PubMed PMID: 10231459.

	26.
Snyder JJ, Kasiske BL, Gilbertson DT, Collins AJ. A comparison of transplant outcomes in peritoneal and hemodialysis patients. Kidney Int. 2002;62(4):1423–30 PubMed PMID: 12234315.Crossref

	27.
Zazzeroni L, Pasquinelli G, Nanni E, Cremonini V, Rubbi I. Comparison of quality of life in patients undergoing hemodialysis and peritoneal Dialysis: a systematic review and meta-analysis. Kidney Blood Press Res 2017;42(4):717–727. doi: https://​doi.​org/​10.​1159/​000484115. Epub 2017 Oct 19. Review. PubMed PMID: 29049991.

	28.
Kalender B, Ozdemir AC, Dervisoglu E, Ozdemir O. Quality of life in chronic kidney disease: effects of treatment modality, depression, malnutrition and inflammation. Int J Clin Pract. 2007;61(4):569–76 Epub 2007 Jan 29. PubMed PMID: 17263698.Crossref

	29.
Polinder-Bos HA, García DV, Kuipers J, Elting JWJ, Aries MJH, Krijnen WP, Groen H, Willemsen ATM, van Laar PJ, Strijkert F, Luurtsema G, Slart RHJA, Westerhuis R, Gansevoort RT, Gaillard CAJM, Franssen CFM. Hemodialysis Induces an Acute Decline in Cerebral Blood Flow in Elderly Patients. J Am Soc Nephrol. 2018;29(4):1317–25. https://​doi.​org/​10.​1681/​ASN.​2017101088 Epub 2018 Mar 1. Erratum in: J Am Soc Nephrol. 2018 Aug;29(8):2256. PubMed PMID: 29496888; PubMed Central PMCID: PMC5875962.CrossrefPubMedPubMedCentral

	30.
Murray AM, Tupper DE, Knopman DS, Gilbertson DT, Pederson SL, Li S, Smith GE, Hochhalter AK, Collins AJ, Kane RL. Cognitive impairment in hemodialysis patients is common. Neurology. 2006;67(2):216–23 Erratum in: Neurology. 2007 Jul 3;69(1):120. PubMed PMID: 16864811.Crossref

	31.
Van Biesen W, Vanholder RC, Veys N, Dhondt A, Lameire NH. An evaluation of an integrative care approach for end-stage renal disease patients. J Am Soc Nephrol. 2000;11(1):116–25. 10616847.PubMed

	32.
Sapilak BJ. Assessment of severity of symptoms of anxiety and depression and quality of life of patients chronically treated with renal replacement therapy. In: Applications of statistical methods scientific research, III StatSoft; 2008.

	33.
Smith GC, Trauer T, Kerr PG, Chadban SJ. Prospective quality-of-life monitoring of simultaneous pancreas and kidney transplant recipients using the 36-item short form health survey. Am J Kidney Dis 2010 Apr;55(4):698–707. doi: https://​doi.​org/​10.​1053/​j.​ajkd.​2009.​12.​025. Epub 2010 Feb 21. PubMed PMID: 20176426.

	34.
Maglakelidze N, Pantsulaia T, Tchokhonelidze I, Managadze L, Chkhotua A. Assessment of health-related quality of life in renal transplant recipients and dialysis patients. Transplant Proc 2011 Jan-Feb;43(1):376–379. doi:https://​doi.​org/​10.​1016/​j.​transproceed.​2010.​12.​015. PubMed PMID: 21335226.

	35.
Drognitz O, Benz S, Pfeffer F, Fischer C, Makowiec F, Schareck W, Hopt UT. Long-term follow-up of 78 simultaneous pancreas-kidney transplants at a single-center institution in Europe. Transplantation. 2004;78(12):1802–8 PubMed PMID: 15614154.Crossref



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Impact of pre-transplant dialysis modality on the outcome and health-related quality of life of patients after simultaneous pancreas-kidney transplantation


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12955_2020_1545_Fig1_HTML.png
A

Patient survival (%)

0 T | B
804
60
40
201
= HD
o = PD P =0.559
o s T

Time (years)

Pancreas graft survival (%)

100+ %

80+

60+

40+

20
— HD

o —PD P =0.901
A

Time (years)

Cc

Kidney graft survival (%)

100+

80

60

40

Time (years)





OEBPS/css/sidebar.gif





