
ARTICLE

Hospital time prior to death and pancreas histopathology:
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Abstract
Aims/hypothesis Diabetes research studies routinely rely upon
the use of tissue samples from human organ donors. It remains
unclear whether the length of hospital stay prior to organ do-
nation affects the presence of cells infiltrating the pancreas or
the frequency of replicating beta cells.
Methods To address this, 39 organ donors without diabetes
were matched for age, sex, BMI and ethnicity in groups of
three. Within each group, donors varied by length of hospital
stay immediately prior to organ donation (<3 days, 3 to <6 days,
or ≥6 days). Serial sections from tissue blocks in the pancreas
head, body and tail regions were immunohistochemically dou-
ble stained for insulin and CD45, CD68, or Ki67. Slides were
electronically scanned and quantitatively analysed for cell
positivity.

Results No differences in CD45+, CD68+, insulin+, Ki67+ or
Ki67+/insulin+ cell frequencies were found when donors were
grouped according to duration of hospital stay. Likewise, no
interactions were observed between hospitalisation group and
pancreas region, age, or both; however, with Ki67 staining,
cell frequencies were greater in the body vs the tail region of
the pancreas (Δ 0.65 [unadjusted 95% CI 0.25, 1.04];
p = 0.002) from donors <12 year of age. Interestingly, fre-
quencies were less in the body vs tail region of the pancreas
for both CD45+ cells (Δ −0.91 [95% CI −1.71, −0.10];
p = 0.024) and insulin+ cells (Δ −0.72 [95% CI −1.10,
−0.34]; p < 0.001).
Conclusions/interpretation This study suggests that immune
or replicating beta cell frequencies are not affected by the
length of hospital stay prior to donor death in pancreases used
for research.
Data availability All referenced macros (adopted and devel-
oped), calculations, programming code and numerical dataset
files (including individual-level donor data) are freely avail-
able on GitHub through Zenodo at https://doi.org/10.5281/
zenodo.1034422
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Abbreviation
nPOD Network for Pancreatic Organ Donors with Diabetes

Introduction

In the last 15 years, the use of human samples has become a
vital element in the advancement of diabetes research and
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treatment [1]. Adoption of these tissues and samples from
organ donors or autopsies has rapidly proceeded despite sev-
eral hurdles [2], including time. Organ donations typically
follow a timeline that contains three major intervals: (1) hos-
pital admission to brain death; (2) brain death to removal of
organ(s); and (3) organ removal to either transplantation or
processing for research. The last of these intervals is referred
to as cold ischaemia or transportation time and has been con-
sistently shown to be an independent predictor of both organ
transplant [3] and viable cell isolation [4] success. Clinical and
basic science research teams have some dominion over the
duration of cold ischaemia and method of organ preservation;
this is not the case for the first two time points, where individ-
ual medical and clinical circumstances dictate the duration of
the terminal hospital visit.

Pancreas-specific studies have been inconclusive as to the
importance of length of hospital stay to various outcomes
[5–7]. Hence, we conducted a study to assess the role of ter-
minal hospitalisation time as a confounding variable in re-
search conducted using human pancreatic tissue samples.
We evaluated the number of cells staining positive for
CD45, CD68, insulin, Ki67 and Ki67/insulin from the head,
body and tail regions of the pancreas using age-, sex-, BMI-
and ethnicity-matched trios of non-diabetic individuals. Each
matched trio included three donors that differed in the duration
of the terminal hospital stay.

Methods

Human pancreases Following acquisition of informed re-
search consent from next of kin, human pancreases were ob-
tained from deceased organ donors in the USA and shipped to
the Network for Pancreatic Organ Donors with Diabetes
(nPOD) programme at the University of Florida for process-
ing, following standardised procedures. From 16 October
2006 to 5 September 2014, a total of 293 pancreases were
recovered. Of those, only non-diabetic donors with data on
length of terminal hospitalisation (n = 96), defined here as
the difference between date/time of admission and aortic
cross-clamp, were considered for this study prior to matching.

Classification of donors Three groups of organ donors were
created, based on duration of terminal hospitalisation, as has
been previously described [5]: group 1, those who spent
<3 days in hospital prior to organ donation; group 2, those
who spent ≥3 days and <6 days in the hospital and group 3,
those who spent ≥6 days in the hospital. Next, matched sub-
sets of donors (see electronic supplementary material [ESM]
Methods for matching process) were identified in the three
hospitalisation time groups to minimise bias effect estimates
from four commonly used key covariates (i.e. age, sex, BMI
and ethnicity; ESM Table 1). A total of 15 matched trios (45

individuals, three per group) were identified using these
criteria. Of these, two trios were eliminated due to quality
and/or lack of material post inspection of the tissue after
matching. Pancreatic tissues from a total of 13 trios (39 indi-
viduals) were analysed in this study. The duration of hospital
stay in these individuals ranged from 0.82 to 28.15 days (me-
dian 3.38 days).

Immunohistochemistry and image digitalisation Each pan-
creas received was divided into a head, body and tail region,
each of which was subjected to serial transverse sectioning.
Within each region, tissue pieces were consecutively and al-
ternately used for preparation of both formalin-fixed paraffin-
embedded and frozen tissue blocks. Three consecutive paraf-
fin sections were cut at 4 μm from one representative
formalin-fixed paraffin-embedded tissue block within each
region. All sections were deparaffinised and rehydrated with
serial passage through changes of xylene and graded ethanol.
All slides were subjected to heat-induced antigen retrieval in
Target Retrieval Solution (Dako, Carpinteria, CA, USA). The
tissue sections were double stained for insulin (polyclonal
guinea pig anti-insulin,1:2000 dilution; catalogue no.
A0564, RRID:AB_10013624; Dako) and one of the follow-
ing markers: CD68 for macrophages (monoclonal mouse anti-
CD68 , 1 :2000 d i lu t ion ; ca t a logue no . M0814 ,
RRID:AB_2314148; Dako); CD45 for leucocytes (monoclo-
nal mouse anti-CD45, 1:200 dilution; catalogue no. M0701,
RRID:AB_2314143; Dako) or Ki67 for DNA replication
(monoclonal mouse anti-Ki67, 1:160 dilution; catalogue no.
M7240, RRID:AB_2142367; Dako) as previously described
[8]. Antigen–antibody binding was visualised using the
EnVision G/2 Doublestain (peroxidase-DAB and alkaline
phosphatase-Permanent Red; catalogue no. K5355; Dako)
polymer system. Subsequently, the slides were counterstained
with Mayer’s Hematoxylin (catalogue no. S3309; Dako),
dehydrated in ethanol and mounted with Cytoseal XYLmedia
(Richard-Allan Scientific, Kalamazoo, MI, USA). Stained
slides were then digitalised and processed in preparation for
statistical analysis (see ESM Methods for image acquisition
and processing details).

Endpoints and study design The primary outcome variables
were the number of CD45+, CD68+ and Ki67+ cells,
expressed as a percentage of total cells counted. The percent-
age of insulin+ or dual Ki67+/insulin+ cells were used as sec-
ondary outcome variables. This study used a matched trio
three-way repeated measures analysis of variance (ANOVA)
design involving the factors pancreas region and age
(between-subject) and hospitalisation (within-subject) groups
(see ESM Methods for additional information on analysis
variables). All data were generated and collected at the
University of Florida and were analysed at the City of Hope.
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Statistical analysis A pilot study was conducted to estimate
the residual variance (i.e. error variability, where error plus
subject variability equals total within-group variability) in
measurements of each primary outcome (see ESM Methods
for power and sample size calculations). For descriptive data,
percentages are reported for all categorical factors; for contin-
uous variables, the measure of central tendency was described
using either the mean ± 1 SD ormedian plus range (min, max),
based on the distribution of values and evaluation of skewness
and kurtosis. For model-based data, least-squares means and
SE are reported. Insulin data from the CD45, CD68 and Ki67
staining experiments, obtained from serial sections, were treat-
ed as technical replicates and averaged prior to statistical
analysis.

A three-factor ANOVA model was used to evaluate the
relationship between the stained cells of interest in the head,
body and tail regions of the pancreas and both hospitalisation
duration and age groups (see ESM Methods for ANOVA
model details). All p values are two-sided and statistically
significant if <0.05, unless otherwise noted. Statistical analy-
sis was performed using SAS, Cary, NC, USA; version 9.4 TS
Level 1M1.

Results

From 39 organ donors without diabetes (ESM Table 1), 351
slide sections from 117 pancreatic tissue block samples of the
head, body and tail regions were obtained and used to deter-
mine whether the frequency of CD45+, CD68+, insulin+,
Ki67+ or Ki67+/insulin+ cells differed according to the length
of stay in hospital prior to death, the age of the individual, or
the region of the pancreas from where the sample was
obtained.

Pancreas region and hospital stay Grand least-squares
means of cell frequencies did not vary according to the length
of hospital stay prior to organ donation for staining of CD45+,
CD68+, insulin+, Ki67+ or dual Ki67+/insulin+ cells in the
pancreas (Fig. 1 and ESM Table 2). Likewise, there was no
change when examining the interaction term (i.e. the percent-
age of cells positive for each population in each region of the
pancreas across hospitalisation groups did not vary [all
p > 0.05; ESM Table 2]).

However, differences were found in the percentage of
CD45+ cells by pancreas region, irrespective of hospitalisation
or age group (overall p = 0.013; Fig. 2). There was a statisti-
cally significant difference in the least-squares mean percent-
age of CD45+ cells present in the head vs tail (Δ −1.08 [95%
CI −2.16, 0.00]; p = 0.049) and body vs tail regions (Δ −0.91
[95% CI −1.71, −0.10]; p = 0.024).

Age and hospitalisation The interaction between duration of
hospital stay and age was also examined. There was no statis-
tically significant difference in the least-squares mean cell
frequencies when simultaneously examining hospitalisation
categories and age groups (all p > 0.05; ESM Fig. 1).
However, a statistically significant difference was observed
when comparing the percentage of insulin+ cells by pancreas
region (overall p = 0.006) and age group (overall p = 0.001)
(ESM Fig. 2). Of note, there was a difference in the least-
squares mean percentage of insulin+ cells present in the body
vs tail regions (Δ −0.72 [95% CI −1.10, −0.34]; p < 0.001).
Similarly, there was a statistically significant difference in the
least-squares mean percentage of insulin+ cells present in in-
dividuals <12 years old vs those ≥20 years of age (Δ 3.42
[95% CI 1.40, 5.45]; p < 0.001).

Interactions In addition to inclusion of pancreas region or
donor age group by hospitalisation term, other interactions
were examined. There was a statistically significant interac-
tion between pancreas region and donor age in Ki67+ cells
(overall p = 0.027; ESM Fig. 3); the least-squares mean fre-
quency of Ki67+ cells was found to be different (at a
Bonferroni determined nominal α = 0.017) in the body vs tail
region (Δ 0.65 [unadjusted 95% CI 0.25, 1.04]; p = 0.002) of
the pancreas from donors <12 years of age. No other individ-
ual comparisons were performed. Interestingly, no statistically
significant differences were detected in the main effects for
either age group or pancreas region (overall p = 0.060 and
p = 0.322, respectively). Three-way interactions between pan-
creas region, age group and hospitalisation group were not
significant for any of the cell frequencies analysed (all
p > 0.05).

Fig. 1 Cell staining by hospitalisation group and pancreas region. The
percentages of cells that stained positive for CD45, CD68, insulin and
Ki67 and dual positive for Ki67 + insulin (I) are shown. Data from the
head, body and tail regions of the pancreas are based on least-squaremean
values taken from the ANOVA model; overall numbers represent grand
mean values. p > 0.05 for all comparisons (see ESM Table 2)
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Discussion

In this study, the presence of immune and replicative markers
were examined in the head, body and tail regions of
pancreases from non-diabetic individuals who had spent a
short to comparatively prolonged amount of time in hospital
prior to death and organ donation. The statistical model used
allowed an analysis of cell frequencies by pancreas region,
hospital time and age, as well as an exploration of the inter-
action between them.

Differences in the percentage of CD45+ cells present in the
tail vs head or body regions of non-diabetic human pancreases
were an unanticipated finding, though immune infiltration in
the pancreas has been studied [9, 10]. However, to the best of
our knowledge, absolute and relative abundances within a
region and across the whole pancreas have not yet been
established. Of note, differences observed in insulin staining
are somewhat similar to those observed with CD45, and are
consistent with literature reports of their being more beta cells
in the tail region of the pancreas [11–13].

The elevation of dual Ki67+/insulin+ cells in neonates and
children has been described previously [14, 15]; however, the
interaction between pancreas region and age, to the best of our
knowledge, has not been reported. It was shown that while the
percentage of Ki67+ cells was highest in all three regions of
the pancreas in the youngest donors, they were higher in the
body than in the tail. It is unclear how this relates to the insulin
changes seen by region and age, since differences by region or
age alone were not seen in Ki67+ or Ki67+/insulin+ cell per-
centages. Evaluation of additional donors in this age group is
needed to determine whether and how long this interaction
exists during the developmental, neonatal and childhood
periods.

In conclusion, we have enumerated the percentages of
CD45+, CD68+, insulin+, Ki67+ and Ki67+/insulin+ cells from
the head, body and tail regions of the pancreas in 39 organ
donors without diabetes matched for age, sex, BMI and

ethnicity and grouped according to length of hospital stay.
Examination of all factors and their interactions was accom-
plished using three-way repeated measures ANOVA models.
These data support the notion that pancreatic regional and age
differences must be accounted for in histopathological studies,
irrespective of diabetes status. Hospitalisation duration prior
to organ donation is not a confounding factor for studies of
immune infiltration and beta cell replication within the human
pancreas, although other cell types should be studied.
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