
10. Gelabert-Gonzalez M, Iglesias-Pais M, Fernandez-Villa J. Acute sub-
dural haematoma due to ruptured intracranial aneurysms. Neurosurg
Rev 2004; 27: 259–262

11. Rengachary SS, Szymanski DC. Subdural hematomas of arterial
origin. Neurosurgery 1981; 8: 166–172

12. Okuno S, Touho H, Ohnishi H et al. Falx meningioma presenting as
acute subdural hematoma: case report. Surg Neurol 1999; 52: 180–184

13. Stefanidis I, Bach R, Mertens PR et al. Influence of hemodialysis
on the mean blood flow velocity in the middle cerebral artery. Clin
Nephrol 2005; 64: 129–137

14. Prohovnik I, Post J, Uribarri J et al. Cerebrovascular effects of hemo-
dialysis in chronic kidney disease. J Cereb Blood Flow Metab 2007;
27: 1861–1869

15. Kopitnik TA Jr, de AR Jr, Gold MA et al. Pressure changes within a
chronic subdural hematoma during hemodialysis. Surg Neurol 1989;
32: 289–293

16. Andrassy K, Ritz E. Uremia as a cause of bleeding. Am J Nephrol
1985; 5: 313–319

17. Elliott MJ, Zimmerman D, Holden RM. Warfarin anticoagulation in
hemodialysis patients: a systematic review of bleeding rates. Am J
Kidney Dis 2007; 50: 433–440

18. Hiremath S, Holden RM, Fergusson D et al. Antiplatelet medications
in hemodialysis patients: a systematic review of bleeding rates. Clin J
Am Soc Nephrol 2009; 4: 1347–1355

19. Savazzi GM, Cusmano F, Musini S. Cerebral imaging changes in pa-
tients with chronic renal failure treated conservatively or in hemodi-
alysis. Nephron 2001; 89: 31–36

20. Asghar M, Adhiyaman V, Greenway MWet al. Chronic subdural hae-
matoma in the elderly—a North Wales experience. J R Soc Med
2002; 95: 290–292

21. Kudo H, Kuwamura K, Izawa I et al. Chronic subdural hematoma in
elderly people: present status on Awaji Island and epidemiological
prospect. Neurol Med Chir (Tokyo) 1992; 32: 207–209

22. Howard MAIII, Gross AS, Dacey RG Jr. et al. Acute subdural he-
matomas: an age-dependent clinical entity. J Neurosurg 1989; 71:
858–863

23. Doherty DL. Posttraumatic cerebral atrophy as a risk factor for delayed
acute subdural hemorrhage.ArchPhysMedRehabil 1988; 69: 542–544

24. Hatashita S, Koga N, Hosaka Y et al. Acute subdural hematoma: se-
verity of injury, surgical intervention, and mortality. Neurol Med Chir
(Tokyo) 1993; 33: 13–18

25. Zumkeller M, Behrmann R, Heissler HE et al. Computed tomographic
criteria and survival rate for patients with acute subdural hematoma.
Neurosurgery 1996; 39: 708–712

26. Servadei F, Nasi MT, Giuliani G et al. CT prognostic factors in acute
subdural haematomas: the value of the ‘worst’ CT scan. Br J Neuro-
surg 2000; 14: 110–116

27. Bullock MR, Chesnut R, Ghajar J et al. Surgical management of
acute subdural hematomas. Neurosurgery 2006; 58: S16–S24

28. Galbusera M, Remuzzi G, Boccardo P. Treatment of bleeding in di-
alysis patients. Semin Dial 2009; 22: 279–286

29. Rayner HC, Pisoni RL, Bommer J et al. Mortality and hospitalization
in haemodialysis patients in five European countries: results from the
Dialysis Outcomes and Practice Patterns Study (DOPPS). Nephrol
Dial Transplant 2004; 19: 108–120

30. Bailie GR, Mason NA, Elder SJ et al. Large variations in prescrip-
tions of gastrointestinal medications in hemodialysis patients on three
continents: the Dialysis Outcomes and Practice Patterns Study
(DOPPS). Hemodial Int 2006; 10: 180–188

31. Hecking E, Bragg-Gresham JL, Rayner HC et al. Haemodialysis pre-
scription, adherence and nutritional indicators in five European
countries: results from the Dialysis Outcomes and Practice Patterns
Study (DOPPS). Nephrol Dial Transplant 2004; 19: 100–107

32. Goodkin DA, Bragg-Gresham JL, Koenig KG et al. Association of
comorbid conditions and mortality in hemodialysis patients in Europe,
Japan, and the United States: the Dialysis Outcomes and Practice Pat-
terns Study (DOPPS). J Am Soc Nephrol 2003; 14: 3270–3277

33. Pisoni RL, Young EW, Dykstra DM et al. Vascular access use in Eur-
ope and the United States: results from the DOPPS. Kidney Int 2002;
61: 305–316

Received for publication: 11.12.09; Accepted in revised form: 7.1.10

Nephrol Dial Transplant (2010) 25: 2275–2283
doi: 10.1093/ndt/gfp781
Advance Access publication 26 January 2010

Perioperative outcomes among patients with end-stage renal disease
following coronary artery bypass surgery in the USA

Dipen S. Parikh1,2,3, Madhav Swaminathan4, Laura E. Archer5, Jula K. Inrig1,2,6, Lynda A. Szczech1,2,
Andrew D. Shaw4 and Uptal D. Patel1,2

1Division of Nephrology, Department of Medicine, Duke University Medical Center, Durham, NC, USA, 2Duke Clinical Research
Institute, Duke University Medical Center, Durham, NC, USA, 3Vascular Access Center of Durham, Durham, NC, USA, 4Division of
Cardiothoracic Anesthesiology, Department of Anesthesiology, Duke University Medical Center, Durham, NC, USA, 5Division of
Biostatistics, Duke Comprehensive Cancer Center, Duke University Medical Center, Durham, NC, USA and 6Division of Nephrology,
Department of Medicine, University of Texas Southwestern Medical Center, Dallas, TX, USA

Correspondence and offprint requests to: Dipen S. Parikh; E-mail: dipenparikh@yahoo.com

Abstract

Background. Patients with end-stage renal disease (ESRD)
requiring chronic haemodialysis who undergo coronary ar-

tery bypass graft surgery (CABG) are at significant risk for
perioperative mortality. However, the impact of changes in
ESRD patient volume and characteristics over time on op-
erative outcomes is unclear.
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Methods. Using the Nationwide Inpatient Sample data-
base (1988–03), we evaluated rates of CABG surgery with
and without concurrent valve surgery among ESRD pa-
tients and outcomes including in-hospital mortality, and
length of hospital stay. Multivariate regression models
were used to account for patient characteristics and poten-
tial cofounders.
Results. From 1988 to 2003, annual rates of CABG
among ESRD patients doubled from 2.5 to 5 per 1000 pa-
tient-years. Concomitantly, patient case-mix changed to in-
clude patients with greater co-morbidities such as diabetes,
hypertension and obesity (all P < 0.001). Nonetheless,
among ESRD patients, in-hospital mortality rates declined
nearly 6-fold from over 31% to 5.4% (versus 4.7% to 1.8%
among non-ESRD), and the median length of in-hospital
stay dropped in half from 25 to 13 days (versus 14 to 10
days among non-ESRD).
Conclusions. Since 1988, an increasing number of patients
with ESRD have been receiving CABG in the USA. De-
spite increasing co-morbidities, operative mortality rates
and length of in-hospital stay have declined substantially.
Nonetheless, mortality rates remain almost 3-fold higher
compared to non-ESRD patients indicating a need for on-
going improvement.

Keywords: coronary artery bypass graft; end-stage renal disease;
in-hospital mortality; perioperative outcomes

Introduction

End-stage renal disease (ESRD) is a major public health
problem with more than one million patients requiring re-
nal replacement therapy worldwide [1]. In the USA, the
prevalence of ESRD is expected to increase to over 650
000 by 2010 [2,3]. Cardiovascular disease remains the
leading cause of death in patients with ESRD; in fact, mor-
tality due to cardiovascular disease is 10 to 30 times higher
among dialysis-dependent patients than in the general pop-
ulation [4]. A higher propensity for cardiac death in pa-
tients with ESRD may be explained by the increased
presence of hypertension, hyperlipidaemia and abnormal
calcium–phosphorus metabolism, leading to accelerated
atherosclerosis [5–7].

Treatment options for coronary artery disease include
percutaneous transluminal coronary angioplasty (PTCA)
and coronary artery bypass graft; however, PTCA has been
associated with acute complications and poor long-term
prognosis in patients with ESRD [6,8,9]. Coronary artery
bypass graft surgery (CABG) may be a possible treatment
option for dialysis-dependent patients with coronary artery
disease refractory to medical therapy because of improved
overall and symptom-free survival compared to PTCA
[10,11]. Although some studies have concluded that ESRD
patients benefit from improved survival and quality of life
following CABG, other investigations suggest the opposite
[12–15].

In addition to a lack of clarity regarding optimal treat-
ment, concerns of high perioperative mortality rates follow-

ing CABG have helped to maintain doubts regarding the
benefits of CABG in the ESRD population. However, most
of these observations include single-centre studies with
small numbers of patients [10,11,13,14,16]. Furthermore,
the impact of changes in ESRD patient volume and charac-
teristics on operative outcomes over time remains unclear.
Therefore, using a national database, we sought to assess
rates of CABG among ESRD patients over time and asso-
ciated outcomes including perioperative mortality and hos-
pital length of stay.

Subjects and methods

We used the Nationwide Inpatient Sample (NIS), a database that was de-
veloped in 1988 by the Agency for Healthcare Research and Quality to
analyse national trends in health-care utilization, quality and outcomes
during inpatient hospitalizations. The NIS database contains discharge
level information on all inpatients from a 20% stratified sample of all
community hospitals across the USA, representing ∼90% of all hospitals
in the country. Data from 1988 to 2003 was used for this analysis. Be-
cause the database is publicly available and does not contain any patient
identifiers in the dataset, it was approved as an exempt study by the Duke
University Institutional Review Board. Each member of the research team
with access to the NIS dataset has a Data Use Agreement on file with the
Agency for Healthcare Research and Quality.

Study design and selection criteria

Core inpatient files were obtained for each year from 1988 to 2003. Data
from NIS core files were extracted and merged with hospital-level core
files for each year to obtain the total discharges with hospital data (Fig-
ure 1, box A, n = 107 500 645). Cases with a discharge procedure code
pertaining to CABG surgery in any procedure data field were identified
using the codes shown in Table 1. The Clinical Classification Software
procedure code for CABG surgery (code 44) and valve surgery with
CABG (code 43) were used to produce another analytic dataset of CABG
patients from 1988 to 2003 (Figure 1, box B, n =1 424 611). Thus, sub-
sequent references to CABG patients in this study refer to a population
that includes CABG patients with and without valve surgery. In order to
avoid coding errors, all discharges from hospitals reporting less than five
CABG procedures annually, discharges with missing gender information
and those less than 18 years of age were excluded, leaving the CABG
study population of interest (Figure 1, box C, n = 1 421 891). Patients
with ESRD were identified by the International Classification of Disease
Ninth Revision Clinical Modification (ICD9-CM) procedure codes for
peritoneal dialysis (54.98) or haemodialysis (39.95) who lacked diagnosis
codes for acute renal failure (584.0, 584.5, 584.6, 584.7, 584.8 and
584.9). Use of ICD9-CM codes has been previously demonstrated to have
>90% sensitivity and negative predictive value for exclusion of acute re-
nal failure [17]. The final subset of interest (Figure 1, box D, unweighted
n = 3485) included the CABG and ESRD population that were subject to
additional analyses.

Demographic and procedural variables

Demographic and admission covariables were available in each core inpa-
tient file. For purposes of risk adjustment, co-morbidities were identified
using ICD9-CM diagnosis codes [18]. Race was not included due to in-
complete availability. Principal outcome variables were in-hospital mortal-
ity, median length of hospital stay and discharge disposition. Each of the
principle outcome variables are described in further detail in the statistical
analysis section.

Statistical analysis

All subsequent analyses were performed on the subset of CABG patients
with ESRD (Figure 1, box D). In addition, all analyses were conducted
with application of discharge weights provided by the NIS, to obtain
nationally representative patient-level data (weighted patients with ESRD
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n = 17 500). Using estimates of prevalent ESRD patients from the United
States Renal Data System (USRDS), the estimated annual proportion of
ESRD patients undergoing CABG surgery from 1988 to 2003 was also
determined [19,20]. Trends in the three outcomes of interest were then
examined. Firstly, unadjusted annual mortality rates were calculated. Sec-
ondly, annual median length of hospital stay (LOS) was determined for
ESRD patients following CABG who survived until hospital discharge.
Finally, because LOS may be influenced by variable discharge criteria,
discharge disposition was assessed for the group of survivors. For statis-
tical purposes, discharge disposition was categorized as ‘routine’ or ‘non-
routine’. Routine discharges were to home while non-routine discharges
were to a skilled nursing facility, intermediate care facility, short-term hos-
pital, home healthcare or ‘against medical advice’.

We used multivariable regression models to determine the independent
association of year with incidence of CABG patients with ESRD, mortal-
ity and mean length of hospital stay among CABG patients with ESRD,
and discharge disposition among ESRD survivors. Each model included
covariables described above. Significance was assessed at an alpha level

<0.05. All statistical analyses were conducted using the SAS software
programme, version 9.1 (SAS Institute, Cary, NC).

Results

During the study period from 1988 to 2003, the proportion
of patients with ESRD who underwent CABG increased
(Figure 2). Expressed as a proportion of all ESRD patients,
0.24% of ESRD patients received CABG in 1988, while
the proportion of CABG patients with ESRD more than
doubled to 0.5% in 2003.

Several characteristics of the ESRD population requiring
CABG changed during the observation period (Table 2).
The proportion with diabetes mellitus, hypertension, anae-

 

 

 

 

 

 

 

Box A: NIS Core Discharges from  
1988-2003 
 
N = 107,500,645 

Box B: CABG Discharges 1988-2003 
 
N = 1,424,611 

Excludes discharges without CABG 
procedure code 
 
N = 106,076,043

Box C: CABG Study Population 
 
N = 1,421,891 

Exclude: 
1. Less than 5 CABG per year 
2. Gender field incomplete 
3. less than 18 years old 

 
N = 2,720

Box D: CABG and ESRD  
 
N = 3485 

Exclude: 
1. Normal renal function 
2. Kidney disease not 

requiring dialysis 
3. Acute renal failure 

 
N = 1,418,406 

Fig. 1. Flow diagram describing the selection criteria for discharges from core NIS data files from 1988 to 2003. Boxes A through D indicate the level
of data after application of selection criteria at each step.
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mia, obesity, atrial fibrillation and prior myocardial infarc-
tion increased, while the gender distribution did not change
significantly. Similarly, the proportion with congestive
heart failure and chronic obstructive pulmonary disease re-
mained relatively constant from 1988 to 2003. However,
the median age of patients with ESRD who underwent
CABG decreased significantly over the 16-year interval.

In-hospital mortality decreased over the 16-year obser-
vation period for patients with and without ESRD who un-
derwent CABG (Figure 3). In 1988, the unadjusted
mortality rate for chronic dialysis patients was higher
(31%) compared to patients without ESRD (4.7%). By

2003, the mortality rates for both groups of patients had
improved; in-hospital death among CABG patients with
ESRD decreased significantly (5.4%). Despite improved
perioperative survival, mortality rates remained over three
times greater for dialysis-dependent CABG patients com-
pared to patients without ESRD (1.8%).
However, inpatient hospital duration among ESRD pa-

tients who survived CABG to hospital discharge declined
from an average median length of stay of 25 days [95%
confidence interval (CI): 20 to 30] in 1988 to 13 days
(95% CI: 12 to 14) in 2003 (Figure 4). Among ESRD sur-
vivors, analysis of discharge disposition showed an in-
crease in non-routine discharges. In 2003, 49.8% of
discharges among post-CABG patients with ESRD re-
quired continuing health-care assistance compared to less
than half of that amount (18.9%) in 1988 (Figure 5).

Discussion

Using a large national database of inpatient discharges, we
found that the proportion of patients with ESRD undergo-
ing CABG has increased significantly from 1988 to 2003.
Despite an increase in CABG procedures among ESRD
patients, a simultaneous decline in the annual in-hospital
mortality rate was observed. Although length of stay
among survivors also decreased, health-care utilization
may have shifted to other health-care settings, as a 2-fold
increase was observed in the proportion of non-routine dis-
charges to a skilled nursing or intermediate care facility,
short-term hospital or home healthcare.

Although dialysis improves the quality and prolongs
the quantity of life for patients with ESRD, mortality rates
are high with most deaths attributable to cardiovascular
complications [21,22]. The higher incidence of coronary

Table 1. Details of the clinical classification software and ICD9-CM
codes used to identify study sample

CCS
code

ICD9-CM
code Description

Diagnosis
Acute renal failure 157 584 Acute renal failure
Procedures
CABG 44 36.1 Aortocoronary bypass

36.2 Revascularization by arterial
implant

36.3 Other heart revascularization
(e.g. transmyocardial laser)

Valve surgery 43 35.1 Open heart valvuloplasty
without replacement

35.2 Replacement of heart valve
Dialysis 58 39.95 Haemodialysis, haemofiltration,

haemodiafiltration, renal
dialysis

54.98 Peritoneal dialysis

Subsections of ICD-9 CM codes are available at the NIS website. CABG =
coronary artery bypass graft surgery; CCS = clinical classification soft-
ware; ICD9-CM = International Classification of Disease Ninth Revision
Clinical Modification.
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artery disease in this patient population can be attributed
to the presence of co-morbid conditions that include lipid
abnormalities, fluid overload, abnormal carbohydrate me-
tabolism, platelet dysfunction and calcifications due to
hyperparathyroidism [6,22]. With >30% of the cardiac
deaths directly attributed to myocardial infarction [5,6],
requirements for myocardial revascularization will contin-
ue to increase [1,18,19,23]. Our findings appear to sup-
port these projections by demonstrating an increasing
trend of surgical revascularizations among patients with
ESRD between 1988 and 2003.

While revascularization with both PTCA and CABG are
technically feasible in patients with ESRD, higher rates of
recurrent angina and restenosis limit the long-term benefits
of PTCA. Kahn et al. first described a high incidence of
recurrent angina pectoris (82%) with angiography showing
restenosis in 69–100% of patients within 6 months follow-
ing PTCA in 17 dialysis patients [8]. Additionally, the long-
term survival benefits for CABG appear to be more favour-
able compared to PTCA [24]. For example, Rinehart et al.
demonstrated a better clinical outcome with comparable
mortality at 24 months, despite more severe cardiovascular

disease in patients undergoing surgical revascularization
[25]. Koyanagi et al. observed fewer myocardial infarctions
and sudden cardiac deaths following CABG compared to
PTCA; they also described a significantly better 5-year
event-free rate following CABG (70%) compared to PTCA
(18%) [10]. Furthermore, among patients with ESRD and
severe cardiovascular disease, CABG was associated with
lower rates of all-cause mortality, sudden cardiac death,
acute myocardial infarction alone and combined acute
myocardial infarction [26].

Although long-term mortality may improve with surgi-
cal revascularization in dialysis patients with coronary ar-
tery disease, perioperative mortality continues to remain
higher among ESRD patients requiring CABG. One study
from 1995 to 1997 reported perioperative mortality was
significantly higher in the CABG group (14.5%) compared
to the PTCA group (8.7%); other single centres have re-
ported similar perioperative mortality results in ESRD pa-
tients requiring cardiac revascularization [27–29]. In a
large national study using USRDS data (1978 to 1995),
in-hospital mortality was also significantly higher in the
CABG group (12.5%) compared to the PTCA group

Table 2. Clinical and demographic characteristics of US end-stage renal disease patients undergoing coronary artery bypass surgery, by time intervals

Variable 1988–1991 1992–1995 1996–1999 2000–2003 P-value*

Age 65 (57–71) 66 (56–72) 64 (54–71) 63 (55–70) <0.0001
Female gender 32.74 35.25 34.51 37.46 0.0977
Diabetes 34.51 46.22 52.33 59.66 <0.0001
Congestive heart failure 31.42 35.07 34.61 35.01 0.4871
Hypertension 38.94 53.78 68 79.4 <0.0001
Obesity 1.33 0.9 2.71 3.49 0.001
Anaemia requiring transfusion 11.5 16.19 21.36 33.66 <0.0001
Atrial fibrillation 19.47 25.18 31.44 31.27 <0.0001
Acute myocardial infarction 19.47 17.99 22.48 22.81 0.0306
Chronic obstructive pulmonary disease 9.73 10.79 12.59 12.14 0.2625
Length of hospital stay, days 15 (11–27) 14 (9–22) 11 (7–16) 10 (7–16) <0.0001

*P-values (determined by analysis of variance models comparing 4-year periods) indicate significance for trend across the 16-year period. All values are
presented as percent or mean (with 95% confidence intervals).
Interquartile differences for variables were not analysed separately; instead, the P-values indicate significance over the cumulative 16-year period.
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(5.4%) [26]. However, considerable variability exists in
perioperative mortality reported among CABG patients
with ESRD [30].

Despite the growing number and proportion of surgical
coronary revascularization among ESRD patients, we ob-
served a simultaneous decline in the annual morality rates
despite an increasing burden of co-morbid conditions.
These results suggest that a larger proportion of ESRD pa-
tients are surviving CABG over time. Other studies have
also reported similar findings [26,28,31,32]. For instance,
Bechtel et al. found declining 30-day mortality trends in
ESRD patients undergoing CABG from 1989 to 2003 de-
spite an increasing proportion of patients with diabetes
mellitus, anaemia and myocardial infarction [32]. Similarly,
Kan et al. determined no significant differences between
CABG patients with and without ESRD in post-operative
intensive care unit stay or in-hospital complications despite

an increased prevalence of diabetes, hypertension, left main
coronary artery disease and anaemia in dialysis-dependent
patients [24]. These observed improvements in in-hospital
mortality may be explained by a variety of advancements
including: the availability and feasibility of minimally inva-
sive and off-pump surgical techniques, specialized devices
designed to reduce atheromatous embolic load and ad-
vanced bypass temperature management strategies. More-
over, improved referral of patients with ESRD for CABG
may also contribute to this trend by selecting patients pre-
dicted to have better perioperative tolerance and post-oper-
ative performance status. Our data may support this
explanation, as we found a trend of decreasing age among
ESRD patients undergoing CABG over time. Advances in
renal replacement therapy might have also improved sur-
vival by limiting fluid shifts and cardiovascular burden.
Additionally, the increasing number of annual estimated
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CABG cases implies greater surgeon familiarity and expe-
rience with the ESRD population, potentially resulting in
improved patient management.

Although our observations reveal favourable mortality
trends over a 16-year period, ESRD patients continue to
experience higher death rates than patients without renal
failure; a finding that is similar to several other studies.
For example, between 1992 and 1996, Liu et al. observed
a risk of death that was 4.4 times higher (12.2% versus
3.0%) among dialysis patients versus the non-dialysis pa-
tients even after adjustment for co-morbid factors (odds
ratio 3.1) [33]. Similarly, mortality rates among CABG pa-
tients with ESRD ranged from 10% to 17% in our study
from 1992 to 1996; the risk of death for dialysis-dependent
CABG patients was 3.3 to 5.7 times greater compared to
non-dialysis patients. Furthermore, Cooper et al. identified
7152 ESRD patients requiring CABG with a 9% periopera-
tive mortality rate between 2000 and 2003 [34]. During the
same time period, our study recognized a comparable num-
ber of ESRD patients requiring CABG (7993) with perio-
perative mortality rates ranging from 6% to 8%. Indeed, a
number of studies have previously identified impaired re-
nal function as an independent risk factor for mortality and
morbidity with CABG [6,16,21,35,36]. Possible explana-
tions for higher death rates among ESRD patients include
the previously mentioned accelerated atherosclerosis and
prevalence of coronary artery disease [7,37]. Additionally,
ESRD may potentiate the effects of hypertension and anae-
mia on cardiomyopathy [38,39].Most patients with renal in-
sufficiency also show left ventricular hypertrophy [39,40].
Hyperparathyroidism secondary to renal insufficiency may
be associated with cardiac calcification, including heart
valves and conduction tissue [40]. Furthermore, despite
the presence of substantial coronary artery disease, some
reports suggest minimal or the absence of anginal pain
secondary to diabetic or uraemic polyneuropathy in dial-
ysis-dependent patients [6,37,40,41]. Because of the ad-
ministrative nature of the dataset used in this analysis,
we were unable to examine the changes in prevalence
or potential impact of these proposed mediators of accel-
erated cardiovascular disease.

Such pathophysiological changes in patients with ESRD
may also explain higher mortality rates following CABG.
During the study period, the proportion of dialysis patients
with diabetes, anaemia, hypertension, obesity, atrial fibril-
lation and myocardial infarction increased; however, medi-
an age of CABG candidates declined. Together, a higher
level of co-morbidities may have predisposed a greater
proportion of patients with ESRD to accelerated develop-
ment of coronary artery disease requiring CABG. More se-
vere coronary disease among younger patients with ESRD
may have accounted for the declining median age of
CABG recipients with ESRD. The increasing prevalence
of co-morbidities could also have increased perioperative
mortality; however, we observed a decline in mortality
rates among patients with ESRD who underwent CABG.
Improvements in practice patterns, selection criteria, diag-
nostic evaluations and treatment techniques may have ac-
counted for this observation.

Favourable in-hospital mortality rates despite increased
surgical revascularization volume and reduced length of

stay potentially suggest a decrease in health-care resource
utilization. However, a significant increase in non-routine
discharges among patients with ESRD who survived
CABG suggests that decreased length of stay may be offset
by increased outpatient health-care services. Cowper et al.
also observed a decrease in length of hospitalization
among CABG patients from 1992 to 1998 in the state of
New York. They attributed the decline in length of stay to a
transfer of care to non-acute health-care settings, which in-
cluded home and skilled nursing facilities [42]. Thus,
the net impact on health-care utilization may actually
have increased despite decreased length of inpatient
stay. Survivors with ESRD continue to display elevated
non-traditional discharge rates compared to patients with-
out renal failure [43].

In comparison to other studies, we provide the largest
and most comprehensive observation of in-patient mor-
tality among dialysis patients following CABG to date;
however, our analysis has several limitations. Firstly, in-
dication bias may confound the results of any observa-
tional study in that the indication for treatment may
affect the likelihood of the outcome. This bias may be
minimized through multivariable modelling to control
for the presence of co-morbidities; however, the severity
of these co-morbidities may not be adequately considered
or accurately recorded. Secondly, the NIS database is
based on administrative data and lacks important clinical
details, including descriptions of patient anatomy, off-
pump surgical technique, socioeconomic status of pa-
tients, patient diet and activity, type of congestive heart
failure and type of bypass graft. In addition, the NIS
may be susceptible to hospital-based practice variations
leading to possible discrepancy of data coding practices.
To minimize the impact of such coding errors, we ex-
cluded discharges from hospitals reporting <5 CABG
procedures annually. Furthermore, the NIS does not col-
lect information on individual surgeons who perform
CABGs, which precludes considering the impact of pro-
cedural volume on outcomes. Individual surgeon and
hospital CABG volume have been associated with suc-
cessful outcomes [44–46]. Additionally, the NIS database
may involve the possible inclusion of multiple patient ad-
missions, which may violate statistical assumptions of in-
dependence; however, these occurrences are likely to be
rare and do not bias our main findings. Furthermore, race
was not included due to incomplete availability in our
dataset; previous studies have identified black race as a
significant independent predictor of operative mortality
after CABG [47]. Finally, because of the observational
nature of this study, we are limited in our ability to ac-
count for all potential cofounders that may have affected
the outcomes evaluated in this study, and these findings
may not reflect trends in countries other than the USA.

In summary, using nationally representative samples of
US inpatients, we found that the proportion of ESRD pa-
tients receiving CABG increased from 1988 to 2003. De-
spite increasing co-morbidities, perioperative morality and
length of in-hospital stay declined. However, mortality
rates among patients with ESRD remain significantly
higher than those among compared to non-ESRD patients
indicating a need for ongoing improvement.
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Abstract
Background. An exceptionally high incidence of diabetes-
related end-stage renal disease (DM-ESRD) has been
reported in the Canary Islands. This phenomenon was
attributed to an increased prevalence of diabetes in this
community. We compared the incidence of DM-ESRD
in the Canary Islands with the rest of Spain among
the estimated number of individuals at risk (people with
diabetes in the population).
Methods. The population-at-risk was calculated using cen-
sus population figures and estimates of self-reported dia-
betes prevalence from the Spanish National Health
Survey in the years 2003 and 2006. The incidence of
DM-ESRD for the same years was obtained through Span-
ish regional registries. The independent effect of age, com-
munity of residence and calendar year was estimated with
a Poisson regression model. Age-standardized acceptance
rate ratios were calculated for each community.
Results. Overall DM-ESRD incidence in the Canary Is-
lands population-at-risk was 1209.9 per million population
(pmp) in 2003 and 1477.3 pmp in 2006. Rates for the re-
maining Spanish regions ranged from 177.3–984.9 pmp.
The incidence was higher in the Canary Islands across all
age groups, but was most striking for patients ≥75 years.
Diabetes prevalence in the general population was greater
in the two youngest age strata and diminished from 75 years
on in the Canary Islands, in comparison with other areas of
Spain. Using a cluster of three communities with the lowest
incidence as a reference, the relative risk of DM-ESRD in
the Canary Islands population-at-risk was 3.88 [95% con-

fidence interval (CI): 3.07–4.89]. Age-standardized accep-
tance ratios (95% CI) in the Canary Islands were 2.21
(1.85–2.61) in 2003 and 2.73 (2.34–3.17) in 2006.
Conclusions. Individuals with diabetes in the Canary Is-
lands present a disproportionately high incidence of
ESRD. Diabetic Canary inhabitants are exposed to the dis-
ease for a longer time and therefore, may be more vulner-
able to the development of chronic diabetes complications,
including ESRD.

Keywords: diabetes; diabetic nephropathy; end-stage renal disease;
epidemiology

Introduction

The epidemiology of end-stage renal disease (ESRD) var-
ies considerably worldwide [1]. Diabetes is the leading
cause of ESRD in developed countries, where substantial
increases in the prevalence of and reduced mortality from
diabetics has paralleled an increase in the incidence of di-
abetes-related ESRD (DM-ESRD). In the United States,
the annual incidence of DM-ESRD increased from 62.5
to 134 patients per million population (pmp) over the past
decade [2]. In Europe, the incidence increased from 14.8
pmp in 1991–92 to 26.9 pmp in 1999–00 [3].

Incidence rates of DM-ESRD [4] in Spain range in the
middle, in comparison with other European countries. Ac-
cording to the most recent data (2007), new cases of DM-
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