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Pancreas and Islet Transplantation

Impact of Sarcopenia on Simultaneous Pancreas
and Kidney Transplantation Outcomes:
A Retrospective Observational Cohort Study

Raphael P.H. Meier, MD, PhD,"? Hiroshi Noguchi, MD, ' Yvonne M. Kelly, MD," Minnie Sarwal, MD, PhD,’
Giulia Conti, MSc," Casey Ward, MD," Ran Halleluyan, MD,! Mehdi Tavakol, MD,’
Peter G. Stock, MD, PhD," and Chris E. Freise, MD'

Background. Sarcopenia has been identified as a predictive variable for surgical outcomes. We hypothesized that sarco-
penia could be a key measure to identify frail patients and potentially predict poorer outcomes among recipients of simultane-
ous pancreas and kidney (SPK) transplants. Methods. We estimated sarcopenia by measuring psoas muscle mass index
(PMI). PMI was assessed on perioperative computed tomography (CT) scans of SPK recipients. Results. Of the 141 patients
identified between 2010 and 2018, 107 had a CT scan available and were included in the study. The median follow-up was
4 years (range, 0.5-9.1 y). Twenty-three patients had a low PMI, and 84 patients had a normal PMI. Patient characteristics were
similar between the 2 groups except for body mass index, which was significantly lower in low PMI group (P<0.001). Patient
and kidney graft survival were not statistically different between groups (P=0.851 and P=0.357, respectively). A multivariate
Cox regression analysis showed that patients with a low PMI were 6 times more likely to lose their pancreas allograft (hazard
ratios, 5.4; 95% confidence intervals, 1.4-20.8; P=0.015). Three out of 6 patients lost their pancreas graft due to rejection in
the low PMI group, compared with 1 out of 9 patients in the normal PMI group. Among low PMI patients who had a follow-up
CT scan, 62.5% (5/8) of those with a functional pancreas graft either improved or resolved sarcopenia, whereas 75.0% (3/4)
of those who lost their pancreas graft continued to lose muscle mass. Conclusion. Sarcopenia could represent one of the

predictors of pancreas graft failure and should be evaluated and potentially optimized in SPK recipients.

(Transplantation Direct 2020;6: €610; doi: 10.1097/TXD.0000000000001053. Published online 25 November, 2020.)

Simultaneous pancreas and kidney (SPK) transplantation
remain the best curative option for patients with type 1 dia-
betes and select patients with type 2 diabetes with chronic

Received 23 June 2020. Revision received 20 July 2020.

Accepted 22 July 2020.

" Division of Transplant Surgery, Department of Surgery, University of California
San Francisco, San Francisco, CA.

2 Department of Surgery, University of Maryland School of Medicine, Baltimore, MD.
3 Department of Surgery and Oncology, Graduate School of Medical Sciences,
Kyushu University, Fukuoka, Japan.

Yvonne Kelly was supported by the NIH T32 Training grant (Grant number 5 T32
Al 125222-04).

The authors declare no conflicts of interest.

R.RH.M. and H.N. have contributed equally to this article as cofirst author.
R.RH.M. and H.N. designed the study. R.RH.M., H.N., YK., M.S., G.C., C.W,
RH., M.T, RG.S., and C.E.F. collected the data. R.PH.M., H.N., YK., M.T,
PG.S., and C.E.F. analyzed the data. R.PH.M. and H.N. performed statistical
analysis. R.PH.M., H.N., YK., M.S., G.C., CW, RH., M.T., RG.S., and C.E.F.
interpreted the data and wrote the article. R.RH.M., H.N., and C.E.F. had full
access to all of the data in the study and take responsibility for the integrity of
the data and the accuracy of the data analysis.

Supplemental digital content (SDC) is available for this article. Direct URL citations
appear in the printed text, and links to the digital files are provided in the HTML text
of this article on the journal’s Web site (www.transplantationdirect.com).

Transplantation 2020

kidney disease.! After patients overcome the initial 3-6
months posttransplantation, the outcomes are excellent:
quality of life is restored, kidney graft function remains pre-
served thanks to a restored euglycemic state, and patient
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survival is significantly improved.>* The reasons for pan-
creas graft loss are multifactorial, including technical and
vascular complications, leak, pancreatitis, acute and chronic
rejection, and recurrence of type 1 or 2 diabetes. In addition
to the classic risk factors described for graft loss, includ-
ing donor/recipient age and body mass index (BMI), cold
ischemia time, and the type of immunosuppression,* there
are few modifiable predictors of pancreas graft survival.
In diabetic patients with end-stage renal disease, objective
measures such as sarcopenia have gained popularity to
predict functional reserve and risk of complications after
transplant.’® Sarcopenia is characterized by a progressive
loss of skeletal muscle mass and can be estimated by meas-
uring psoas muscle area on cross-sectional imaging.’ It has
been recognized as an important predictor of poor reserve
and has been associated with complications, morbidity, and
mortality after major surgery.'®!® Fukuda et al analyzed
the role of sarcopenia in 41 SPK recipients and reported
a nonsignificant trend associating low psoas muscle mass
index (PMI) and pancreas graft survival.® They did, how-
ever, demonstrate a significant association between skeletal
muscle quality (an alternative measure of sarcopenia) and
both pancreas graft survival and postoperative complica-
tions. On the contrary, another study suggested that a low
PMI might be protective; however, the numbers were very
small and subject to type I error.'

We, therefore, sought to examine the influence of sarcopenia
in a larger cohort of patients who received an SPK allograft.

MATERIALS AND METHODS

Patients

A total of 141 patients underwent SPK between October
2010 and July 2018 at the University of California, San
Francisco. The patients were followed up until December
2019. There were no retransplants in this cohort. The patients
without a perioperative computed tomography (CT) scan
available (n=34) were excluded from the analysis. Patient
characteristics, demographic data, pancreas and kidney func-
tion, patient and overall graft survival (ie, nondeath cen-
sored graft survival), and deceased donor data were collected
from chart review, administrative databases, and the United
Network for Organ Sharing database. Pancreas Donor Risk
Index was calculated as previously described.!> Delayed graft
function was defined as patients requiring hemodialysis in the
first week after transplantation. Infection was defined as clini-
cal symptoms of infection and the need for hospitalization
within 6 months after transplantation (including urinary tract
infections, surgical site infections, abscesses, pneumonia, and
sepsis). Kidney and pancreas rejection was defined based on
kidney and pancreas biopsy results. Kidney graft failure was
defined as the return to dialysis or patient death. Pancreas graft
failure was defined as the reintroduction of insulin therapy or
patient death. The study was approved by the Committee for
Human Research at University of California, San Francisco,
and met criteria for waiver of consent.

Calculation of Psoas Muscle Index

PMI was measured on perioperative CT scan performed
either within 2.8 years before transplant (n=31) or up to 2.3
months after transplant (n=76). Among the 31 patients with a
preoperative CT, 22 (71%) had a CT >1 year before transplant.

www.transplantationdirect.com

Among the 76 patients with a postoperative CT, 41 (54%) had
a CT within 2-weeks posttransplant. CT images at the level
of the fourth/fifth lumbar vertebrae and Image J software
(National Institute of Health, Bethesda, MD) were used to meas-
ure the cross-sectional area of the right and left psoas muscles.
Measurements were done by H.N. and R.P.H.M., blinded to
group assignment and outcomes. The PMI was then calculated
as per conventions that were previously described®'*: PMI as
the cross-sectional area of bilateral psoas muscle?/height? (cm?/
m?). Because the range of PMI in men and women is different, a
low PMI was defined as the lowest quartile for men and women
separately. We divided the recipients into 2 groups using the
lower quartile values as the threshold separating patients with
a normal PMI from those with a low PMI (normal PMI in men
and women was >7.43 and >6.20cm?m?, respectively; low
PMI in men and women was <7.43 and <6.20 cm?*/m?, respec-
tively). In patients with a low PMI, we identified those with a
follow-up CT scan of the abdomen and measured a follow-up
PMI in these patients (n=12).

Statistical Analyses

Results are presented as mean+SD and as count and per-
centage for categorical variables unless specified otherwise.
Differences between groups were analyzed with the ¢ test
for continuous variables and the Chi-square test for binary
and categorical variables. Survival analyses were performed
with the Kaplan-Meier method, and groups were compared
using the log-rank test. Technical and early failures (within the
first 40 d) were excluded from the pancreas survival analysis
(n=2). Univariate and multivariate Cox proportional-hazards
regression was used to compute hazard ratios. Variables with
a P<0.10 in the univariate analysis were included in the mul-
tivariate analysis. Correlations and corresponding P values
were assessed using linear regression. Ninety-five percent con-
fidence intervals were reported, and an exact 2-sided P<0.05
was considered statistically significant. Statistical data
and graphs were generated using SPSS version 24.0 (SPSS,
Chicago, IL) and Prism version 8 (GraphPad, San Diego, CA).

RESULTS

Baseline Characteristics and Short-term Outcomes
A total of 107 patients were assigned to either the low PMI
group (the lowest quartile, n=23) or the normal PMI group
(above the lowest quartile, n=84). On average, CT scan was
performed 2.0+5.9 and 2.3 + 6.9 months before the surgery in
the low and high PMI groups, respectively (P=0.820). Patient
and donor characteristics are shown in Table 1. Recipient
BMI was significantly lower in the low PMI group compared
with the normal PMI group (22.5+3.8 versus 25.8 =3.3kg/
m?, P<0.001), and a weak correlation was identified between
PMI and BMI (R?=0.107, P<0.001) (Figure 1A). All the
other baseline characteristics were not statistically different
between the 2 groups. Panel-reactive antibody (PRA), HLA
mismatches, and preoperative donor-specific antibodies
were not statistically different between groups; all recipients
received thymoglobulin and steroids for induction, and base-
line maintenance immunosuppression was similar between
the 2 groups. Preoperative serum albumin was not correlated
with PMI (Figure 1B). Diabetes duration and preoperative
HbA1c were also not different between the low and normal
PMI groups. Patient and transplant outcomes are presented
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Characteristics of simultaneous pancreas-kidney trans-
plant recipients according to their initial PMI

Low PMI Normal PMI
Characteristics (n=23) (n=84) P
Recipient factors
PMI (cm?/m?) 6.3+0.9 8.7+16 <0.001
Age at transplant, y 40.0+7.0 40.7+7.2 0.686
Gender (%)
Male 15 (65.2) 48 (57.1) 0.486
Female 8(34.8) 36 (42.9)
Preoperative BMI, kg/m? 225+3.8 25.8+3.3 <0.001
Duration since DM diagnosis,y ~ 28.1+10.5  27.7+8.9 0.874
Duration of dialysis, y 25+15 2.6+23 0.860
Preoperative hemoglobin Alc, % 82+1.4 8117 0.789
Preoperative serum albumin, g/dL 3.66+0.46  3.60+0.47 0.603
Race/ethnicity (%)
White 9(39.1) 44 (52.4) 0.259
African 3(13.0) 20 (23.8)
Hispanic 7(30.4) 13(15.5)
Asian 2(8.7) 4(4.8)
Hawaii 2(8.7) 3(3.6)
PRA (%) 123+246  151+243 0.622
HLA mismatches
2 14.3) 7(8.3) 0.549
3 1(4.3) 8(9.5)
4 5(21.7) 26 (31.0)
5 9(39.1) 28 (33.3)
6 7(30.4) 15(17.9)
Preoperative positive DSA
Present 0(0.0) 2 (2.4 0.999
Absent 23 (100.0) 82 (97.6)
Maintenance immunosuppression
Tacrolimus 21(91.3) 76 (90.5) 0.999
Mycophenolate 23 (100.0) 84 (100.0) N/A
mTOR inhibitor 0(0.0) 3(3.6) 0.999
Azathioprine 0(0.0) 1(1.2) 0.999
Other 2(8.7) 8(9.5) 0.999
Steroid (%)
Withdrawal 16 (69.6) 41 (48.9) 0.100
Maintenance 7(30.4) 43 (51.2)
Diabetes type
Type 1 21(91.3) 80 (95.2) 0.607
Type 2 2(8.7) 4(4.8)
Donor factors
Age,y 24777 23.7+7.2 0.578
Gender (%)
Male 17 (73.9) 62 (73.8) 0.999
Female 6 (26.1) 22 (26.2)
BMI, kg/m? 23.0+3.0 239+35 0.286
Cause of death
Anoxia 8(34.8) 21 (25.0) 0.643
Cerebrovascular 28.7) 9(10.7)
Head trauma 13 (56.5) 54 (64.3)
Donor terminal creatinine, mg/dL - 0.81+0.28  0.82+0.25 0.822
KDPI (%) 13.3+8.6 10.7+10.8 0.295
PDRI 096+0.15 0.97+0.25 0.857
Cold ischemic time, h 11.2+53 10.4+3.7 0.432

“Student ¢test for continuous variables; X? test for binary or categorical variables (global Pvalue).
Data are presented as mean=SD or n (%).

BMI, body mass index; DM, diabetes mellitus; DSA, donor-specific antibody; KDPI, Kidney Donor
Profile Index; mTOR, mammalian target of rapamycin; PDRI, Pancreas Donor Risk Index; PMI,
psoas muscle mass index; PRA, panel-reactive antibody.
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in Table 2. The median follow-up was 4 years in both groups
(P=0.365). Short-term outcomes including surgical complica-
tions (assessed using the Clavien-Dindo score!®), delayed graft
function, rejection, infection, and length of hospital stay were
not statistically different between groups.

Pancreas Graft Survival

Overall, pancreas graft survival was 83.4% at 5 years. We
observed that patient in the low PMI group had reduced pan-
creas graft survival compared with patients in the normal PMI
group (P=0.031) (Figure 2A). The survival rates were 79.9%
and 86.7% at 5 years in the low and normal PMI group, respec-
tively. Accordingly, hemoglobin Alc at last follow-up was higher
in patients with low PMI; however, the difference between
groups was not present anymore after the exclusion of patients
with failed pancreas allografts (Table 2). A sensitivity analysis
comparing patients with and without a CT scan before or after
surgery showed no difference in terms of pancreas graft survival
(Figure S1A and S1B, SDC, http:/links.lww.com/TXD/A279).
Among the 6 pancreas graft losses in the low PMI group, 3 were
due to rejection, and 2 were due to diabetes recurrence, whereas
among the 9 graft losses in the normal PMI group, 3 were due to
vascular complications, and 1 was due to rejection (Table 3). The
predictors of pancreas survival outcomes were analyzed in a Cox
regression model (Table 4). In the univariate analysis, female gen-
der, black or African American race, higher PRA, and low PMI
were associated with pancreas allograft failure. Of note, lower
recipient BMI was not associated with a decreased pancreas
graft survival (Table 4 and Figure S1C, SDC, http:/links.lww.
com/TXD/A279). All variables with a P<0.1 in the univariate
analysis were then included in the multivariate Cox regression.
Patients with a low PMI were 5 times more likely to lose their
pancreas allograft (hazard ratios, 5.4; 95% confidence intervals,
1.4-20.8; P=0.015), and PMI was the only independent signifi-
cant predictor in the multivariate analysis among the significant
variables in the univariate analysis (ie, gender, race, PRA, steroid
use, PMI, and Kidney Donor Profile Index) (Table 4).

Evolution of Sarcopenia After Transplant

We identified 12 patients in the low PMI group for which a
follow-up CT scan of the abdomen was available. Follow-up
CT scans were obtained 3.0+2.8 years after transplant. Of the
patients who progressed toward pancreas failure, 75.0% (3/4)
had a decrease in PMI, as compared with 37.5% (3/8) in the
patients who had a functioning pancreas allograft at the end
of the follow-up (Figure 3). Two patients who had initial low
PMI and who did not lose their graft had improvement in their
sarcopenia after transplant and had a normal PMI at the end of
the follow-up (Figure 3, patients 5 and 7). Interestingly, BMI dif-
ferences between normal and low PMI groups observed before
transplant were partially corrected after transplant (Table 2).
No difference in kidney or pancreas graft survival was observed
among patients with versus without a follow-up CT scan (Figure
S2A and S2B, SDC, http://links.lww.com/TXD/A279).

Kidney Graft Survival and Overall Survival

Overall kidney graft survival was 91.7% at 5 years.
Creatinine levels were not different between groups at the
end of follow-up (Table 2). The kidney survival rate was not
affected by initial PMI status (Figure 2B). Overall patient sur-
vival was 95.4% at § years. No statistically significant differ-
ence in patient survival was observed between the low and
normal PMI groups (Figure 2C).
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FIGURE 1. Psoas muscle index relation with body mass index and serum albumin. (A) Psoas muscle index (cm?/m?) stratified by preoperative
body mass index (kg/m?). A weak relationship is noted between body mass index and body mass index. (B) Psoas muscle index stratified by
preoperative serum albumin (g/dL). No relationship was identified. R? and P values were calculated using linear regression.

DISCUSSION long-term pancreas graft survival rates. Rejection and diabe-

In the current study, we measured muscle mass in SPK tes recurrence were the main causes of pancreas graft loss in
transplant recipients to analyze potential associations between  recipients with a low psoas muscle index. Kidney graft sur-
sarcopenia and posttransplant outcomes. We found that a low  vival and overall patient survival were not affected by initial
PMI in SPK recipients was associated with significantly lower ~ PMI status.

Patient and transplant outcomes according to their initial recipient PMI

Parameter Low PMI (n=23) Normal PMI (n=84) P

Short-term outcomes
Surgical complication (Clavien-Dindo classification)

None 9(39.1) 21 (25.0) 0.652
1 1(4.3) 6(7.1)
2 6 (26.1) 28 (33.3)
3a 2(8.7) 16 (19.0)
3b 3(13.0 10 (11.9)
4a 1(4.3) 2(2.4)
4b 1(4.3 1(1.2)
Delayed graft function (%)
Present 28.7) 783 0.870
Absent 2191.3) 76 (90.5)
Unknown 0(0.0) 1(1.2
Biopsy proven rejection (kidney)
Present 4(17.4) 19 (22.6) 0.638
Absent 15 (65.2) 56 (66.7)
No biopsy done/available 4(17.4) 9(10.7)
Biopsy proven rejection (pancreas)
Present 1(4.3 8(9.5) 0.539
Absent . 2.4
No biopsy done/available 22 (95.7) 74 (88.1)
Infection, any (%)
Present 5(21.7) 23(27.4) 0.790
Absent 18 (78.3) 61 (72.6)
Length of postoperative hospital stay (d) 10.3+6.0 10.2+56.3 0.989
Long-term outcomes
Median follow-up, y (min—max) 4.0(1.1-9.1) 4.0(0.5-9.0) 0.365”
Number of hospital readmission 29+33 3.1+3.1 0.763
Hemoglobin A1c at last follow-up (all patients) 6.0+1.7 55+1.0 0.037
Hemoglobin A1c (excluding patients with a nonfunctioning pancreas allograft) 52+0.3 52+0.5 0.817
Serum creatinine level at last follow-up 1.2+12 1.2+05 0.890
BMI at last follow-up, kg/m? 256+4.1 27.5+5.4 0.137
BMI change from transplant to last follow-up +2.8+3.4 +1.7+£4.2 0.228

aStudent t-test for continuous variables, X? test for binary or categorical variable (global P value).
“Mann-Whitney Utest.

Data are presented as mean +SD or n (%) unless indicated otherwise.

BMI, body mass index; PMI, psoas muscle mass index.
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FIGURE 2. Kaplan-Meier survival curves for simultaneous pancreas-kidney transplant and patient survival. (A) Pancreas graft, (B) kidney graft,
and (C) overall patient survival stratified by initial psoas mass index status, that is, low PMI (Sarcopenia) vs normal PMI (no sarcopenia). P values
were calculated using the log-rank test. Technical and early failures (within the first 40 days) were excluded from the pancreas survival analysis

(n=2).

Sarcopenia is defined as a loss of skeletal muscle mass
and function'” and is associated with frailty, mortality, and
poor outcomes in both surgical and nonsurgical patients.'®
Frailty is defined by the presence of 3 of the following
items: low-grip strength, low energy, slowed waking speed,
low-physical activity, and unintentional weight loss.!” Risk
factors for sarcopenia include age, gender, level of physical
activity, malnutrition, and various comorbid conditions.!”-182
Interestingly, type 1 diabetes was associated with sarcopenia
via the accumulation of advanced glycation end products.?!
Sarcopenia has previously been shown to be associated with
higher mortality rates after liver transplantation,*?? living
donor liver transplantation,” and abdominal aortic aneurysm
repair,® as well as higher postoperative infection risk and
delayed recovery from colorectal cancer resection surgery*
and laparotomy.?®

Pancreas status at the end of follow-up among low and
high PMI groups

Low PMI Normal PMI
(n=23) (n=84) P
Functioning pancreas 17 (73.9) 75 (89.3) 0.026
Rejection® 3(13.0) 1(1.2)
Diabetes recurrence® 2(8.7) 0(0.0)
Cancer® 14.3) 1(1.2)
Vascular complication® 0(0.0) 3(3.6)
Infection® 0(0.0) 1(1.2)
Nonadherence® 0(0.0) 1(1.2)
Pancreatic leak” 0(0.0) 1(1.2)
Unknown cause® 0(0.0) 1(1.2)

X2 test (global Pvalue).

*Causing pancreas graft loss.

“Including 1 artery thrombosis, 1 vein thrombosis, and 1 artery aneurysm.
Data are presented as n (%).

BMI, body mass index; PMI, psoas muscle mass index.

Our results are consistent with those of a previous study
that linked skeletal muscle quality, quantified by the intra-
muscular (psoas) adipose tissue content, to a higher risk of
postoperative complications and unfavorable pancreas graft
survival.® The authors reported that recipients with a lower
PMI had a lower pancreas survival; however, the differ-
ence was not statistically significant, possibly due to the low
number of participants in this study. With a larger cohort,
we demonstrate a significant association between low PMI
and unfavorable pancreas graft survival. This observation
was further confirmed in our multivariate model. The differ-
ences were seen in the mid- to long-term survival and suggest
that sarcopenia persists after transplantation. Data on those
who had a follow-up CT scan after transplant further rein-
force this hypothesis: 62.5% (5/8) of the patients with low
initial PMI and a functioning graft at the end of the follow-
up either improved their PMI (37.5%) or resolved sarcope-
nia (25.0%). On the other hand, 75.0% (3/4) of the patients
with a low PMI who lost their pancreas allograft also con-
tinued to lose muscle mass. In the Cox univariate analysis,
sarcopenia, female gender, Black or African American race,*
and higher PRA were associated with a lower pancreas graft
survival. The multivariate Cox model highlighted the signifi-
cant role of PMI, which remained the sole predictor of pan-
creas graft survival in our model. Some other well-known
risk factors for graft failure after SPK include young age, a
BMI over 30kg/m?, older donor age, and longer preserva-
tion time.* We could not significantly highlight all of them in
our cohort, possibly due to a lack of power. Interestingly, we
found a weak correlation between recipient PMI and BMI.
One could ask whether recipient BMI could be a predictor
of pancreas graft survival as well. In the Scientific Registry of
Transplant Recipients dataset, similarly to overweight, under-
weight (BMI<18.5kg/m?) was associated with unfavorable
outcomes after SPK.?® This report in line with our correla-
tion between BMI and PMI, and the detrimental roles of
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Estimated hazard ratios for pancreas survival using a multivariate Cox proportional hazard model

Univariate analysis

Multivariate analysis

Parameter HR 95% ClI P HR 95% ClI P
Recipient factors
Tx age, y 0.9 0.9-1.0 0173
Gender, female 4.5 1.2-16.3 0.023 2.6 0.7-10.5 0174
Preoperative BMI, kg/m? 0.9 0.8-1.1 0.443
Duration since diagnosis DM, y 1.0 0.9-1.0 0.488
Duration of dialysis, mo 1.1 0.8-1.5 0.537
Preoperative HbA1c, % 1.1 0.8-1.5 0.454
Preoperative serum albumin, g/dL 1.3 0.4-4.2 0.617
Race/ethnicity (%)
White 1 [Ref] NA NA 1 [Ref] NA NA
Black or African American 4.4 1.2-15.7 0.024 1.4 0.3-6.1 0.636
Hispanic 2.3 0.5-10.3 0.278 0.7 0.1-4.2 0.713
Asian 0.0 0.0-NR 0.993 0.0 0.0-NR 0.990
Hawaii 0.0 0.0-NR 0.992 0.0 0.0-NR 0.990
Panel-reactive antibody 1.0 1.0-1.0 0.015 1.0 1.0-1.0 0.203
DM type (1:2) 1.8 0.3-19.5 0.405
Steroid use, withdrawal 3.4 0.9-12.6 0.061 3.6 0.7-19.2 0.135
Low PMI 3.1 1.1-9.3 0.041 5.4 1.4-20.8 0.015
Donor factors
Age,y 1.1 1.0-1.1 0.152
Gender, male 1.0 0.3-3.8 0.973
BMI, kg/m? 1.0 0.8-1.2 0.955
Cause of death
Head trauma 1 [Ref.] NA NA
Cerebrovascular 1.8 0.4-8.5 0.486
Anoxia 1.7 0.5-5.7 0.423
Donor terminal creatinine 2.5 0.3-23.7 0.405
KDPI, % 7.7 0.5-NR 0.089 392.8 0.6-NR 0.073
Cold ischemic time, h 0.9 0.8-1.1 0.433

Technical and early failures (within the first 40 d) were excluded from the analysis (n=2).

BMI, body mass index; Cl, confidence interval; DM, diabetes mellitus; HR, hazard ratio; PMI, psoas muscle mass index; NR, not reported (values superior to 6000).
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FIGURE 3. A Psoas muscle index at and after transplant in
patient with an initial low psoas muscle index and an available
follow-up CT scan. Patients who progressed towards pancreas
failure (gray dots and lines) and who had a functioning pancreas
allograft at the end of the follow-up (black dots and lines) are
represented. A heatmap representing the intensity patient’s PMI
change is represented on the right. Patients 1-8 had a functioning
pancreas allograft at the end of the follow-up, and patients 9-12
had a pancreas graft failure. CT, computed tomography; PMI,
psoas muscle index.

sarcopenia and frailty as shown by us and others.?” We could
not highlight a significant association between low BMI and
pancreas graft survival (possibly because only 3 recipients had
a BMI<18.5kg/m? in our cohort).

Given our findings, we believe that sarcopenia might rep-
resent an important predictive factor that should be meas-
ured in SPK candidates. Currently, every SPK patient listed
at our center gets a noncontrast CT scan to measure PMI;
we are in the process of implementing the measurement of
grip strength, timed chair stands, and balance testing to esti-
mate frailty. This could have an important impact because
the preoperative identification of sarcopenia would allow for
intervention on these potentially modifiable risk factors. Of
note, progressive resistance training and nutrition modifica-
tions represent excellent interventions to reverse sarcopenia.?®
Successful interventions on sarcopenia would be conditional
to the control of other well-established risk factors such as
recipient age, BMI, donor age, and preservation time.*

The mechanism by which sarcopenia is associated with
lower pancreas survival remains to be elucidated. Given the
low number of events, it is hard to speculate regarding the
potential link between sarcopenia and pancreas graft loss.
Pancreas graft loss is often multifactorial, and the result of
multiple accumulating adverse events. It is possible that
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sarcopenic patients suffer more indirect risks (including more
severe postoperative complications, subclinical infections,
rejections, etc), which collectively diminish pancreas graft
lifespan. This progressive accumulation of “hits” is consist-
ent with the slow and gradual survival difference observed
between low and normal PMI groups. These gradual differ-
ences could be further explained by the fact that patients can
maintain normoglycemia until very late in the process of graft
loss, tolerating losses of up to 80% of their beta-cell mass.”
In our cohort, overall complication rates were not statistically
different between groups. However, severe complications
(ie, Clavien-Dindo >3b) were more frequent in the low PMI
group (21.6% versus 15.5%). On the other hand, less severe
complications were more frequent in the normal PMI group
(59.4% versus 39.1%).

We observed that 3 out of 6 pancreas failures were due to
rejection in the low PMI group. This is consistent with what
we previously observed in liver transplant recipients, in whom
frailty was associated with increased rates of acute cellular
rejection.®® Potential mechanisms for these higher rejection
rates imply that frail patients have an increased inflammatory
state’! and tend to experience higher rates of mycophenolate
dose reduction than nonfrail recipients.’® In other words, one
could hypothesize that low PMI patients receive less immuno-
suppression because the management team is more prone to
reduce doses to avoid overimmunosuppression-related com-
plications in these frail patients.

Another potential important mechanistic explanation is
that the muscle mass itself and exercise have a direct protec-
tive effect on p-cells survival and function.?? Of note, sarcope-
nia was demonstrated to exacerbate obesity-associated insulin
resistance and dysglycemia.?** The secretion of interleukins-6
by the muscle was shown as one of the important mediators of
this effect.?>3%% Another important factor is fibroblast growth
factor 21, a known B-cell protective factor, which is secreted
by the muscle in response to insulin.?” In response to saturated
fatty acids, muscles also produce irisin, which, when admin-
istrated in vivo, promotes (-cell survival and enhanced glu-
cose-stimulated insulin secretion.?® Considering this cross talk
between myocytes and 3 cells, it is also interesting to note that
in contrast with pancreas-related outcomes, sarcopenia was
not significantly associated with kidney graft survival in our
cohort. This may be related to the fact that the kidney grafts
typically have better survival rates compared with pancreas
grafts. The link between catabolism and glucose homeostasis
possibly makes the pancreas more sensitive compared with
the kidney. We did not observe a significant difference in terms
of overall patient survival between low PMI and normal PMI
patients. The overall low-mortality rate in our cohort possibly
prevented us from observing a significant difference.

The present study does have some limitations. First, we
report on a small cohort of patients from a single trans-
plant center, and the retrospective nature of our study does
not allow definitive conclusions on causality. With this lim-
ited number of cases, results, especially regarding causes of
pancreatic graft loss, need to be interpreted with caution.
Further studies including multicenter data are warranted to
confirm the impact of sarcopenia in this realm. Second, there
is a limited selection bias in the study group because we only
included patients with a CT scan of the abdomen in the perio-
perative period (n=107), although excluded patients repre-
sented a limited percentage (19.9%, 28/141). With sensitivity
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analysis, we found that pancreas graft survival was not differ-
ent between patients with and without a CT scan. In addition,
we only compared graft survival rates among patients who
had a CT scan of the abdomen, and our conclusions should,
therefore, remain valid. We also acknowledge the fact that not
all CT scans were done immediately before surgery, which
would represent the ideal time for the measure. However,
most of the CT scans were performed before or shortly after
surgery, and there was no difference in CT scan dates between
groups or difference in pancreas graft survival with different
CT scan dates. Moreover, sarcopenia takes time to reverse,>
and, in the absence of pre/perioperative resistance training or
nutritional intervention, it is unlikely to improve before or
immediately after transplant. We, therefore, believe that the
observed values represent acceptable estimates of muscle mass
at transplant in our population. It is also important to note
that in this study, we describe only 1 component of frailty,
namely, sarcopenia, in a young population of patients. We
recognize that the notion of sarcopenia has been developed
and best assessed in geriatric populations. Future prospective
studies will be able to gather more refined measurements of
sarcopenia and potentially include an intervention to tackle
the detrimental effect of muscle mass loss before transplant.
In conclusion, sarcopenia was associated with decreased
pancreas graft survival in patients receiving an SPK transplant.
The known protective role of an adequate muscle mass on [3-
cell function may explain these findings. The systematic iden-
tification of sarcopenia in SPK candidates can help to identify
patients with diminished physiological buffer. Intervention
with resistance training and nutrition modifications could be
implemented for patients with muscle mass loss to reverse
sarcopenia and potentially improve posttransplant outcomes.
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