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We quantified the financial implications of surgical
complications following pancreas transplantation. We
reviewed medical and financial records of 49 pan-
creas transplant recipients at the University of Michi-
gan Health System (UMHS) between 1/6/2002 and
11/22/2004. The association of donor, transplant re-
cipient and financial variables was assessed. The me-
dian costs to UMHS of procedures and follow-up
were $92,917 for recipients without surgical compli-
cations versus $108,431 when a surgical complication
occurred, a difference of $15,514 (p = 0.03). Median
reimbursement by the payer was $17,363 higher in pa-
tients with a surgical complication (p = 0.001). Similar
trends (higher insurer costs) were noted when strat-
ifying by payer (public and private) and specific pro-
cedure (SPK and PAK). All parties (patient, physician,
payer and medical center) should benefit from quality
improvement, with payers having a financial interest
in pancreas transplant surgical quality initiatives.
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The National Surgery Quality Improvement Program
(NSQIP) initiated within the VA Hospital System was as-
sociated with a 27% reduction in mortality and a 45%
reduction in morbidity in surgical patients over a 10-year
interval (1). In 1999, the American College of Surgeons be-
gan implementation of a private-sector NSQIP at academic
medical centers in general, vascular and urologic surgery.
We recently suggested the implementation of a national
transplant surgery quality improvement program (2). We
propose that transplant surgeons and payers are uniquely
qualified to lead the effort to improve the quality of trans-
plant surgery.

Unfortunately, well-structured quality improvement efforts
are expensive, requiring staff and time to collect and ana-
lyze data, adding to the burden of mandatory clinical data
reporting that already exists. Transplant teams already sub-
mit data to the Organ Procurement Transplant Network
(OPTN) as required by the Department of Health and Hu-
man Services. Medical centers also have substantial data
reporting requirements mandated by the Joint Commis-
sion on Accreditation of Hospital Organizations (JCAHO)
and Center for Medicare Services (CMS). Though costly
and time consuming, the transplant community and trans-
plant recipients have benefited from the thoughtful analy-
ses generated from this data.

We believe that a transplant surgical quality improvement
program, led by the transplant community, would be an
excellent investment. In addition to their harmful effects
on the patient, poor surgical outcomes are associated with
significantly increased costs to both the medical center and
payer. Little data are available on the finances of pancreas
transplantation. Gruessner et al. evaluated the risk factors
associated with increased hospital charges for pancreas
transplant and stated a need for an analysis of hospital
costs (3). We have attempted to build on this effort by
adding hospital costs and total insurer reimbursement to
the analysis. In this study, we compare the costs of care for
pancreas transplant recipients who suffer a surgical com-
plication to those without a surgical complication and de-
termine which parties have the largest financial stake in
preventing surgical complications. The results suggest that
surgical quality improvement initiatives may be a worth-
while financial investment for payers.

Methods

Clinical data

Following Institutional Review Board approval, the electronic records for all
58 adult pancreas transplant recipients operated on between 1/1/02 and
11/15/04 at the University of Michigan Health System (UMHS) were retro-
spectively evaluated. Data regarding donor, transplant, and recipient char-
acteristics as well as graft and patient outcomes were obtained from both
a prospectively collected database and review of the electronic medical
record. Nine patients without corresponding financial data were excluded
from the analysis, leaving 49 patients who constituted the study group. All
pancreas transplants were performed utilizing systemic venous drainage
and enteric exocrine drainage. The immunosuppressive regimen consisted
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Table 1: Background data of patients with no surgical complication vs. those with a surgical complication (data reported as mean ± SD)

No surgical Surgical
complication complication Mean
(n = 30) (n = 19) difference p-Value

Recipient age (years) 38.7 ± 5.9 38.1 ± 5.7 0.6 0.74
Recipient sex (male) 16 (53.3%) 14 (73.7%) n/a 0.15
Donor age (years) 26.2 ± 10.8 23.2 ± 9.5 3.0 0.34
Cold ischemia time (h) 7.8 ± 2.3 10.7 ± 2.5 −2.9 0.002
Length of stay (days) 5.8 ± 1.9 11.5 ± 10.5 −5.7 0.005
Readmissions first 6 months 0.93 ± 1.2 1.47 ± 1.2 −0.54 0.12

of induction therapy with either basiliximab or Thymoglobulin, and triple drug
maintenance therapy with Tacrolimus, Mycophenolate mofetil and steroids.

Definition of a surgical complication

For the purposes of this study, surgical complications were divided into
several general categories: bleeding, infection, thrombosis and other com-
plications. ‘Other’ complications included those not covered by the other
three categories and included: delayed kidney graft function (for SPK trans-
plant), acute tubular necrosis (for PTA or PAK transplants), prolonged intu-
bation, prolonged ileus, internal hernia, small bowel obstruction and leaking
wound. There were four patients who developed postsurgical urinary tract
infections, three who had graft rejection, and two who had other nonsurgical
complications. These patients were characterized along as having ‘no sur-
gical complication’. Analysis was limited to complications diagnosed within
the first six months following transplant. Because pancreas transplant alone
procedures (PTA) were uncommon, these were categorized along with pan-
creas after kidney procedures (PAK) as solitary pancreas transplants. These
were compared with simultaneous pancreas-kidney transplants for compli-
cation rates and finances.

Financial data

Inpatient and outpatient financial data were obtained on combined physi-
cian procedural and nonprocedural reimbursement, inpatient and outpatient
hospital total costs (direct and indirect costs), organ acquisition costs and re-
imbursements (based on estimates derived from previous reimbursement
history) and hospital reimbursements on each patient from the internal cost-
accounting database at the University of Michigan. All costs for pharmaceu-
ticals, including prolonged inpatient and outpatient intravenous antibiotics
for patients, were incorporated into the financial data. Financial data were
collected from the day of transplant (including the transplant operation) to 6
months posttransplant. Costs of care outside of UMHS were not obtained.
The TSI system (Transitions Systems Inc.) was used to identify total hospital
costs (direct and indirect and including organ acquisition costs) and reim-
bursements. Reimbursements to the medical center were calculated based
on a modeled revenue for reimbursements (constantly updated average for
a payer based on hospital charges). In TSI, we adjust the Medicare organ ac-
quisition add-on payment based on the final Medicare Cost Report. The TSI
system tracks the use of all resources and assigns estimates of cost based
on direct acquisition costs for supplies and time-and-motion studies for la-
bor costs. This method of activity-based cost accounting is widely believed
to be the most accurate method of estimating the true economic cost of an
episode of care (4). Hospital margins were calculated by the formula: (hospi-
tal reimbursements—hospital total costs), with the median hospital margin
calculated from the dataset of the hospital margin associated with each pa-
tient. The IDX Hospital Data Systems (GE Medical Systems) was used to
account for physician fees. Analysis was limited to physician charges and
reimbursement and not physician costs. The physician reimbursement data
was limited to surgeons’ reimbursements. Total insurance liability was ob-
tained by combining the TSI hospital reimbursement data and IDX physician
reimbursement data via the formula: (hospital reimbursements + physician

reimbursements). The median total insurer reimbursement was calculated
from the dataset of the total insurer reimbursement associated with each
patient.

Statistical analysis

The association of donor and transplant recipient variables was assessed
using an unpaired Student’s t-test for continuous variables and a chi square
analysis for categorical variables. The donor age was unknown for three
transplant recipients. Differences in financial data medians were assessed
via the Mann-Whitney U-test for comparison of medians. The relationship
between cold ischemia time and costs was assessed using a simple linear
regression. Only the 35 patients for whom reliable cold ischemia data was
available were included in this particular analysis (n = 22 for patients with
no surgical complication, n = 13 for patients with a surgical complication).
Relationships were considered significant if p ≤ 0.05. All statistical analy-
ses were performed using Statview (version 5.0.1) (Abacus Concepts, Inc.,
Berkley, CA).

Results

The baseline characteristics of the study population (49 pancreas trans-
plants done between 1/6/2002 and 11/22/2004) are detailed in Table 1.
There were no significant differences in age between patients or donors
for those who had a surgical complication versus those who did not have
a surgical complication. Men made up a relatively higher percentage of
those who did have a surgical complication, but this difference was not sig-
nificant. Cold ischemia time was significantly shorter for those who had
no surgical complication versus those who did (mean difference 2.9 h,
p = 0.002). As expected, complications were associated with more hos-
pital days immediately following the procedure (mean difference 5.7 days,
p = 0.005) and a trend toward more readmissions in the first 6 months
(P = NS).

The financial data on the study cohorts (surgical complication and no
surgical complication) are summarized in Table 2. Surgical complica-
tions were associated with significantly increased hospital charges, costs
and reimbursements. Interestingly, the median hospital margin (esti-
mated) was actually higher in patients with a surgical complication,
though this difference, which totaled $11,369, was not statistically sig-
nificant. The median costs to the hospital were $15,514 higher (p =
0.03), and total estimated reimbursement by the payer, which includes
surgeons’ actual reimbursement in addition to estimated hospital reim-
bursements, was $17,363 (p = 0.001) higher in patients with a surgical
complication.

Hospital bottom lines were closely related to the type of procedure being
done, i.e. solitary pancreas transplants (PTA, n = 2 or PAK, n = 16) or si-
multaneous pancreas-kidney (SPK, n = 31), as detailed in Table 3. There
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Table 2: Financial data of patients with no surgical complication vs. those with a surgical complication

No surgical Surgical
complication complication
(n = 30) (n = 19)

Difference
Dollars ($) Median IQR Median IQR in median p-Value

Hospital charges 122,704 35,511 155,859 66,269 −33,155 0.006
Total cost to hospital 92,917 43,313 108,431 45,094 −15,514 0.03
Estimated hospital reimbursement 91,429 17,896 107,148 43,768 −15,719 0.001
Estimated hospital margin (profit) −4,692 28,075 6,677 65,919 −11,639 0.21
Reimbursement for physician services 2,512 1,252 2,921 2,925 −409 0.14
Estimated total insurance liability 93,497 19,915 110,860 46,079 −17,363 0.001

were no significant differences between these two groups in terms of age
at transplant, gender, donor age, cold ischemia time, readmission, length of
stay or frequency of complications (Table 4). While SPK procedures were
significantly more costly for the medical center, there was no significant dif-
ference in reimbursement when compared to solitary pancreas transplants.
As such, the difference in median margin was substantial, with UMHS mak-
ing an estimated profit of $34,022 on pancreas transplant-only procedures
versus taking a loss of $10,058 on SPK procedures, a difference of $44,080
(p < 0.001).

In order to control for variation in data specifically related to payer and

procedure mix, we compared patients with and without surgical complica-

tions that underwent an SPK transplant and had Medicare insurance. (Table

5) There were significantly higher medical center costs and insurer costs

among the patients with surgical complications in this group of patients. The

estimated hospital margin was higher in the group of patients with compli-

cations, thought this difference was not statistically significantly. A similar

analysis was completed comparing the financial implications of complica-

tions among PAK patients with Medicare (Table 6). There were also higher

medical center costs and insurer costs, with lower medical center margins

in the group of patients with surgical complications. These differences were

not significant in this small sample. Finally, in patients with complications,

higher costs of the medical center and insurer were noted in SPK patients

with private insurance and PAK patients with private insurance (data not

shown).

Discussion

In order to build the case for transplant surgical qual-
ity improvement as a worthwhile investment, it is impor-
tant to assign costs to items designated for improvement.

Table 3: Financial implications of the type of transplant procedure

Simultaneous Solitary
pancreas-kidney pancreas transplant
(n = 31) (PTA or PAK) (n = 18)

Difference
Dollars ($) Median IQR Median IQR in median p-Value

Hospital charges 134,777 43,578 95,181 61,344 39,596 0.002
Total cost to hospital 107,298 26,115 57,728 41,722 49,570 <0.001
Estimated hospital reimbursement 96,788 25,489 98,063 49,323 −1275 0.62
Estimated hospital margin (profit) −10,058 26,059 34,022 43,297 −44,080 <0.001
Reimbursement for physician services 2765 2082 2772 2658 −7 0.76
Estimated total insurance liability 101,402 24,348 100,969 48,972 433 0.58

Troppman et al. studied the rates of complications associ-
ated with pancreas transplantation but noted the need for
a detailed financial analysis (5). To this end, we analyzed
surgical complications following pancreas transplantation
to build a financial argument for quality improvement. The
results suggest that payers should take a particular inter-
est in transplant quality improvement, since they bear the
biggest financial burden of surgical complications following
pancreas transplantation.

Surgical complications following pancreas transplantation
increase costs for the medical center and for the payer.
Specifically, a pancreas transplant with a surgical compli-
cation increased hospital costs by $15,514, while payers
reimbursed UMHS an additional $17,363 per case. Inter-
estingly, this implies the medical center makes more profit
when there is a surgical complication associated with a
pancreas transplant. These findings underscore the impor-
tant impact of surgical complications on medical center
finances.

It must be noted, however, that hospital margin corre-
lated more with the type of procedure (i.e. simultane-
ous pancreas-kidney or pancreas alone) than with whether
there was a surgical complication, and rather substantially
at that. The difference in margin was primarily a conse-
quence of similar (and counterintuitive) reimbursements
for solitary pancreas transplants and simultaneous kidney-
pancreas transplants, despite significantly higher costs for
the combined procedure. This illustrates that costs are
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Table 4: Background data of SPK and solitary pancreas transplant recipients (data reported as mean ± SD)

Type of Simultaneous Solitary pancreas
procedure pancreas-kidney transplant Mean

(n = 31) (PTA or PAK) (n = 18) difference p-Value

Recipient age (years) 38.6 ± 5.9 38.2 ± 5.7 0.4 0.80
Donor age (years) 26.5 ± 10.8 22.8 ± 9.5 3.7 0.24
Cold ischemia time (hours) 9.0 ± 2.5 8.7 ± 3.5 0.3 0.82
Readmissions first 6 months 0.9 ± 1.1 1.5 ± 1.3 0.6 0.11
Length of stay (days) 7.9 ± 7.1 8.2 ± 7.5 0.3 0.91
Surgical complication rate 10 (32%) 9 (50%) – 0.22

but one part of the picture when analyzing the potential
impact of quality improvement initiatives, and that these
analyses must be interpreted in light of the correspond-
ing reimbursements. This counterintuitive reimbursement
for solitary pancreas transplants has been noted and ad-
dressed by CMS. Specifically, the CMS reimbursement for
solitary pancreas transplant has been reduced by −31.6%
for 2007. This reimbursement change will likely be fol-
lowed by private payers and will significantly reduce the
high margins for solitary pancreas transplant enjoyed by
our center.

It should be noted, however, that any financial data is highly
institution specific and use of our financial data for con-
tract negotiation would not be appropriate. There are sig-
nificant differences in cost-accounting methods between
medical centers and even within our center from a year-
to-year basis. Additional differences between institutions
include personnel salaries, cost of living adjustments, con-
tract rates of payment per organ and indirect costs (i.e.
hospitals in the city are more expensive to operate). In
an attempt to make the analysis more generalizable, we
analyzed just Medicare patients who underwent an SPK
transplant as well as other subsets of payer and procedure
mix not. The general theme that insurers bear the costs of
surgical complications was consistent through all of these
analyses and is likely applicable to a broad range of centers,
but the specific financial data should be assessed with cau-
tion.

For multiple reasons, our study is limited in scope. First, it
fails to quantify opportunity costs for the medical center,

Table 5: Medicare SPK patients only. Financial data of patients with no surgical complication vs. those with a surgical complication among
patients undergoing an SPK transplant who had Medicare insurance

No surgical Surgical
complication complication
(n = 16) (n = 7)

Difference
Dollars ($) Median IQR Median IQR in median p-Value

Total cost to hospital 100,350 17,508 125,457 60,686 25,107 0.004
Estimated hospital reimbursement 91,429 13,521 108,818 30,735 17,389 0.003
Estimated hospital margin (profit) (12,615) 22,037 (9405) 22,275 3210 0.55
Reimbursement for physician services 2815 1899 2920 2425 105 0.88
Estimated total insurance liability 93,496 13,360 110,859 31,171 17,353 0.002

which runs at capacity. For example, having a pancreas
transplant patient in a bed prevents another, potentially
‘profitable’ patient from occupying that bed. Thus, the per-
ceived increase in cost from complications may be higher
for the medical center and the profit lower. Second, it fo-
cuses on the financial implications to the payer, the medical
center, and the providers, but not costs to the patient or
society. Certainly a complicated post pancreas transplant
course will deleteriously affect future patient productivity.
This may be even more significant than for other organ
transplant recipients given the relatively young age of pan-
creas transplant recipients. Third, the cost data is based
on the UMHS cost accounting methods, and accounting
assumptions are inherently imperfect and will have signif-
icant impact on data and associated conclusions. Fourth,
the physician reimbursement data includes only surgeons’
reimbursement. It fails to account for reimbursements to
all other physicians involved in patient care, which may be
even more significant for patients who have suffered a sur-
gical complication. Similarly, the costs are limited to those
occurring within UMHS (though we estimate that most
of our patients return to UMHS for all of their care in the
posttransplant period), thus costs and reimbursements are
likely disproportionately underestimated for patients with
complications. Thus, the total insurer reimbursement is an
underestimate of actual payer costs. In addition, because
pancreas transplantation is relatively uncommon compared
with other abdominal organ transplants, our patient sam-
ple size is limited. Reported complication rates following
pancreas transplantation vary widely. Our overall compli-
cation rate (38%) is higher end of this range (3), thus the
results may not be completely applicable to other centers.
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Table 6: Medicare PAK patients only. Financial data of patients with no surgical complication vs. those with a surgical complication among
patients undergoing a PAK transplant who had Medicare insurance

No surgical Surgical
complication complication
(n = 6) (n = 4)

Difference
Dollars ($) Median IQR Median IQR in median p-Value

Total cost to hospital 56,938 20,886 74,491 49,919 17,553 0.28
Estimated hospital reimbursement 94,988 23,750 106,735 32,455 11,747 0.20
Estimated hospital margin (profit) 52,963 25,368 38,072 23,491 14,891 0.28
Reimbursement for physician services 2505 951 2513 1210 8 0.98
Estimated total insurance liability 108,485 32,762 97,016 24,177 11,469 0.20

We have identified general trends, but a larger cohort
is needed to verify the accuracy of the calculated cost
figures.

Though our complication rate is higher than other reported
series and therefore not necessarily generalizable, if we ap-
plied the surgical complication rate of 38% associated with
pancreas transplants obtained from our study population
to all pancreas transplants performed in the United States
during the year 2004 (n = 1484) (6), there were approx-
imately 564 pancreas transplants with surgical complica-
tions across the country. Using our data, hospitals spent an
additional $8.8 million, and insurance carriers reimbursed
medical centers an additional $9.8 million as a result of sur-
gical complications associated with pancreas transplanta-
tion. Bearing in mind that many complications may not be
preventable, achieving the reasonable goal of a twenty per-
cent reduction in the rate of pancreas transplant surgical
complications could lead to a savings of nearly $2,000,000
dollars per year for insurers. Based on this logic, insurer
funding of a national quality improvement initiative may be
a reasonable investment.

In summary, pancreas transplantation, with a wide variety
of surgical approaches and high complication rates, repre-
sents an operation particularly well suited to multicenter
quality improvement initiatives. A national quality improve-
ment program would provide an infrastructure to identify
significant outliers for high quality, and subsequently re-
port those centers’ techniques and protocols in the litera-
ture. Self-reporting of complication rates is inherently inad-
equate to determine who has the best pancreas transplant
results and simply focusing on graft survival does not pro-
vide sufficient insight. These outcomes must be collected
prospectively by highly trained personnel, be based on uni-
form definitions, and the data collection accuracy must be
audited. This effort would create a culture of quality im-
provement and allow programs with inferior results to re-

view the specific approaches of the high quality centers.
This infrastructure will be expensive; therefore we suggest
that a transplant quality improvement may be a sound in-
vestment for payers.
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