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Abstract
Background: Acute kidney injury is a serious
complication of elective major surgery. Acute
dialysis is used to support life in the most
severe cases. We examined whether rates and
outcomes of acute dialysis after elective major
surgery have changed over time.
Methods: We used data from Ontario’s universal health care databases to study all consecutive patients who had elective major surgery
at 118 hospitals between 1995 and 2009. Our
primary outcomes were acute dialysis within
14 days of surgery, death within 90 days of
surgery and chronic dialysis for patients who
did not recover kidney function.
Results: A total of 552 672 patients underwent
elective major surgery during the study period,

M

ore than 230 million elective major
surgeries are done annually worldwide.1 Acute kidney injury is a serious complication of major surgery. It represents
a sudden loss of kidney function that affects
morbidity, mortality and health care costs. 2
Dialysis is used for the most severe forms of
acute kidney injury. In the nonsurgical setting,
the incidence of acute dialysis has steadily
increased over the last 15 years, and patients
are now more likely to survive to discharge
from hospital.3–5 Similarly, in the surgical setting, the incidence of acute dialysis appears to
be increasing over time,6–10 with declining inhospital mortality.8,10,11
Although previous studies have improved our
understanding of the epidemiology of acute dialysis in the surgical setting, several questions
remain. Many previous studies were conducted at
a single centre, thereby limiting their generalizability.6,12–14 Most multicentre studies were conducted
in the nonsurgical setting and used diagnostic
codes for acute kidney injury not requiring dialysis; however, these codes can be inaccurate.15,16
In contrast, a procedure such as dialysis is eas-
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2231 of whom received acute dialysis. The incidence of acute dialysis increased steadily from
0.2% in 1995 (95% confidence interval [CI] 0.15–
0.2) to 0.6% in 2009 (95% CI 0.6–0.7). This
increase was primarily in cardiac and vascular
surgeries. Among patients who received acute
dialysis, 937 died within 90 days of surgery
(42.0%, 95% CI 40.0–44.1), with no change in 90day survival over time. Among the 1294 patients
who received acute dialysis and survived beyond
90 days, 352 required chronic dialysis (27.2%,
95% CI 24.8–29.7), with no change over time.
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Interpretation: The use of acute dialysis after
cardiac and vascular surgery has increased
substantially since 1995. Studies focusing on
interventions to better prevent and treat perioperative acute kidney injury are needed.

ily determined. The incidence of acute dialysis
after elective surgery is of particular interest
given the need for surgical consent, the severe
nature of the event and the potential for mitigation. The need for chronic dialysis among patients who do not recover renal function after
surgery has been poorly studied, yet this condition has a major affect on patient survival and
quality of life.17 For these reasons, we studied
secular trends in acute dialysis after elective
major surgery, focusing on incidence, 90-day
mortality and need for chronic dialysis.

Methods
Study design and setting
We used data from Ontario’s linked provincial
health care databases, held at the Institute for
Clinical Evaluative Sciences, for all consecutive
patients who had elective major surgery between
Jan. 1, 1995, and Dec. 31, 2009. All encounters
with the health care system in Ontario are recorded and anonymized using encrypted identifiers to track individual patients over time. We
conducted the study according to a prespecified
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protocol. The study was approved by the Sunnybrook Health Sciences Centre Research Ethics
Board in Toronto, Ont.
Data sources
We used three linked databases: the Canadian
Institute for Health Information’s discharge abstract database records all admissions to hospital
and includes information on diagnoses and procedures performed; the Ontario Health Insurance
Plan database contains information on all physician claims for inpatient and outpatient services;
and the Registered Persons Database contains

vital statistics on all permanent residents of
Ontario. These databases have been used extensively to research health outcomes.18–22 Whenever
possible, we defined patient characteristics,
surgery characteristics and outcomes using database codes that have been proven reliable when
compared with manual chart review (Appendices 1 and 2, available at www.cmaj.ca/lookup
/suppl/doi:10.1503/cmaj.110895/-/DC1).
Patients
We considered patients 18 years of age and older
who underwent elective surgery with an over-

Table 1: Characteristics of patients undergoing major elective surgery in Ontario, 1995–2009
No. (%)

Characteristic

1995–1997
3 years

1998–2001
4 years

2002–2005
4 years

2006–2009
4 years

Type of surgery†

n =136 453

n = 162 113

n = 133 268

n = 120 838

Abdominal

85 272 (62.5)

87 786 (54.2)

43 767 (32.8)

41 153 (34.0)

< 0.001

Cardiac

20 247 (14.8)

38 339 (23.6)

46 448 (34.8)

42 209 (34.9)

< 0.001

7 668 (5.6)

7 703 (4.8)

15 631 (11.7)

Retroperitoneal

9 195

p value*

(7.6)

< 0.001

Thoracic

4 376 (3.2)

8 307 (5.1)

11 697 (8.8)

13 493 (11.2)

< 0.001

Vascular

18 890 (13.8)

19 978 (12.3)

15 725 (11.8)

14 788 (12.2)

< 0.001

< 45

34 180 (25.0)

30 380 (18.7)

18 921 (14.2)

13 796 (11.4)

< 0.001

45–64

48 385 (35.5)

59 770 (36.9)

50 915 (38.2)

45 896 (38.0)

≥ 65

53 888 (39.5)

71 963 (44.4)

63 432 (47.6)

61 146 (50.6)

67 027 (49.1)

65 373 (40.3)

59 594 (44.7)

50 350 (41.7)

< 0.001

107 929 (79.1) 121 653 (75.0)

< 0.005

Age, yr

Female sex
Charlson Comorbidity Index,
score‡
0

98 674 (74.0)

86 075 (71.2)

1

14 647 (10.7)

20 026 (12.4)

16 172 (12.1)

12 560 (10.4)

2

7 483 (5.5)

11 009 (6.8)

9 653 (7.2)

11 691 (9.7)

≥3

6 394 (4.7)

9 425 (5.8)

8 769 (6.6)

10 512 (8.7)

15 152 (11.1)

22 272 (13.7)

23 679 (17.8)

25 877 (21.4)

< 0.001

Comorbid medical conditions§
Diabetes mellitus
Peripheral vascular disease

2 025 (1.5)

2 107 (1.3)

1 309 (1.0)

643 (0.5)

< 0.001

COPD

24 113 (17.7)

29 274 (18.1)

26 081 (19.6)

23 940 (19.8)

< 0.001

Hypertension

39 468 (28.9)

55 378 (34.2)

54 891 (41.2)

54 146 (44.8)

< 0.001

Coronary artery disease

44 867 (32.9)

65 379 (40.3)

61 526 (46.2)

53 343 (44.1)

< 0.001

Cerebrovascular disease

1 654 (1.2)

2 185 (1.3)

1 761 (1.3)

1 687

(1.4)

< 0.001

Chronic kidney disease

2 737 (2.0)

4 010 (2.5)

5 215 (3.9)

6 617

(5.5)

< 0.001

3 864

Liver dysfunction

3 321 (2.4)

4 003 (2.5)

3 562 (2.5)

(3.2)

< 0.001

Cancer

40 337 (29.6)

51 496 (31.8)

48 561 (36.4)

49 023 (40.6)

< 0.001

Congestive heart failure

11 749 (8.6)

16 207 (10.0)

15 079 (11.3)

13 825 (11.4)

< 0.001

Note: COPD = chronic obstructive pulmonary disease.
*Cochrane–Armitage test for trend.
†Reported percentage of surgeries per year.
‡Scores were assigned using patient information from hospital records in the three years before surgery. Patients with no
admissions to hospital during this period were assigned a value of zero.
§As defined by the presence of administrative diagnostic codes (see Appendix 1, available at www.cmaj.ca/lookup/suppl/doi:10
.1503/cmaj.110895/-/DC1).
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night stay at an acute care institution from Jan. 1,
1995, to Dec. 31, 2009. Similar to previous classification methods, we categorized surgical procedures according to anatomy: abdominal, cardiac, retroperitoneal, thoracic and vascular.23 We
excluded emergent or urgent surgeries from
analysis because acute kidney injury may occur
before such procedures. We defined the remaining surgeries as “elective.” We excluded nephrectomy and kidney transplantation because they
have different mechanisms of acute and chronic
kidney disease. In addition, we excluded all surgeries for the purpose of placing dialysis access.
Some patients had multiple eligible admissions
to hospital during the study period; for these
patients, we selected one admission at random to
avoid clustering in the analysis. If more than one
surgical procedure was done during the same stay
in hospital, we selected the first surgery to avoid
selecting any urgent or emergent surgery done after
an initial elective surgery. To facilitate the assessment of new kidney injury after surgery, we
excluded patients with any evidence of dialysis or
renal transplantation in the three years preceding
surgery. Finally, we excluded one hospital from our
analysis because patients there were routinely given
a single treatment of intraoperative dialysis if they
were undergoing cardiopulmonary bypass surgery.

•
•
•
•
•

Outcomes
Our primary outcome was acute dialysis, defined as
the receipt of at least one dialysis treatment in the
14 days after surgery. Among patients who received
acute dialysis, we considered the time at which
dialysis started after surgery and the modality used
(i.e., intermittent hemodialysis, peritoneal dialysis
and all forms of continuous renal replacement therapy). Our secondary outcomes were death within
90 days after surgery and chronic dialysis among
patients who had received acute dialysis and who
survived beyond 90 days. We defined chronic dialysis as receipt of dialysis on at least two separate
days between 90 and 120 days after surgery.
Statistical analysis
We categorized the study period into four eras:
1995–1997, 1998–2001, 2002–2005 and 2006–
2009. We categorized age using cutoffs from the
2006 Census of Canada.24 We compared patient
characteristics and type of surgery over time, on an
annual basis, using the Cochrane–Armitage test for
trend. We used multivariable logistic regression to
examine the association between year of surgery
and outcome, adjusting for the type of surgery and
patient characteristics (Table 1). We used Wilson
scores to determine 95% confidence intervals (CIs)
for single proportions.25

Admissions to hospital for major surgery, by
anatomical site, 1995–2009 n = 815 420
Abdominal
Cardiac
Retroperitoneal
Thoracic
Vascular
Excluded n = 149 941*
•
•
•
•

•

Patients with invalid provincial health card number
or missing age/sex n = 41 590
Patients < 18 years of age at the time of surgery
n = 90 444
Surgeries performed at nonacute care institutions
n = 1 759
Procedures done at the hospital where single acute
dialysis was given to all surgical patients on
cardiopulmonary bypass n = 16 148
Patients with a history of dialysis or renal
transplantation in the 3 years before surgery
n = 24 540

Admissions for elective surgery
n = 665 479
Excluded n = 112 807†

Patients included in analysis†
n = 552 672

Figure 1: Selection of patients for the study. *Patients may have had more than one reason for exclusion.
†For patients who underwent multiple surgeries during the study period, one surgery was randomly
selected for the analysis.
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Results
We included 552 672 patients who underwent
surgery at 118 hospitals (Figure 1). The age and
comorbidity of patients who had elective major
surgery increased during the study period
(Table 1). For example, comparing the periods
1995–1997 to 2006–2009, the proportion of
patients aged 65 years and older increased from

39.5% to 50.6%, as did the proportions of patients with diabetes (from 11.1% to 21.4%),
hypertension (from 28.9% to 44.8%), coronary
artery disease (from 32.9% to 44.1%) and
chronic kidney disease (from 2.0% to 5.5%).
Each of these characteristics was independently
associated with postoperative acute dialysis (Figure 2). During the study period, the annual number of abdominal surgeries meeting our inclusion
Favours acute
dialysis

Does not favour
acute dialysis

Variable
Year
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
Age
< 45
45−64
≥ 65
Sex
Male
Female
Charlson Comorbidity Index
0
1
2
≥3
Comorbidities
Diabetes mellitus
Peripheral vascular disease
Chronic obstructive pulmonary disease
Hypertension
Coronary artery disease
Cerebrovascular disease
Chronic kidney disease
Liver dysfunction
Cancer
Congestive heart failure
Type of surgery
Abdominal
Cardiac
Retroperitoneal
Thoracic
Vascular

OR (95% CI)

p value

1.00
1.039 (0.780−1.386)
1.114 (0.841−1.476)
1.329 (1.016−1.737)
1.154 (0.871−1.529)
1.269 (0.969−1.662)
0.893 (0.672−1.186)
1.427 (1.097−1.857)
1.572 (1.211−2.039)
1.593 (1.235−2.055)
1.724 (1.341−2.217)
1.702 (1.319−2.196)
1.686 (1.309−2.172)
1.912 (1.492−2.449)
1.651 (1.282−2.126)

< 0.0001

1.00
1.067 (0.879−1.295)
1.754 (1.453−2.118)

< 0.0001

1.00
0.843 (0.770−0.923)

0.0002

1.00
1.055 (0.923−1.207)
1.498 (1.308−1.715)
1.510 (1.311−1.738)

< 0.0001

1.253 (1.135−1.383)
0.834 (0.636−1.094)
1.171 (1.061−1.292)
1.334 (1.216−1.464)
0.722 (0.648−0.805)
0.574 (0.413−0.796)
6.065 (5.446−6.753)
1.775 (1.461−2.156)
1.000 (0.911−1.097)
1.741 (1.568−1.933)

< 0.0001
0.19
0.0017
< 0.0001
< 0.0001
0.0009
< 0.0001
< 0.0001
0.99
< 0.0001

1.00
3.657 (3.205−4.172)
0.670 (0.507−0.886)
1.527 (1.233−1.891)
2.773 (2.409−3.191)

< 0.0001

0.3

1
OR (95% CI)

Figure 2: Multivariable logistic regression model for postoperative acute dialysis. CI = confidence interval, OR = odds ratio.
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Death and chronic dialysis
Of the 2231 patients who received acute dialysis,
937 died within 90 days after surgery (42.0%,
95% CI 40.0–44.1). There was no appreciable
change in 90-day mortality over time (Appendix
3, available at www.cmaj.ca/lookup/suppl/doi
:10.1503/cmaj.110895/-/DC1) (Figures 6A and
6B, p = 0.6). Of the 1294 patients who received
acute dialysis and survived more than 90 days,
352 subsequently required chronic dialysis
(27.2%, 95% CI 24.8–29.7). There was no
appreciable change in the incidence of chronic
dialysis over time (Figures 7A and 7B, p = 0.5).

Incidence of acute dialysis
(per 100 surgical patients)

1.0
Age ≥ 65 yr
Age 45−64 yr
Age < 45 yr

0.8
0.6
0.4
0.2
0.0
1995

1997

1999

2001

2003

2005

2007

2009

2005

2007

2009

2005

2007

2009

Year

B
1.2

Incidence of acute dialysis
(per 100 surgical patients)

Acute dialysis
A total of 2231 patients (0.4%) received acute
dialysis within 14 days after surgery. The incidence of acute dialysis rose steadily from 0.2%
in 1995 (95% CI 0.15–0.2) to 0.6% in 2009
(95% CI 0.6–0.7). This increase was evident
across all age strata (Figure 3A) and occurred
primarily after cardiac and vascular surgery (Figure 3B). In recent years, as many as 1 in 80
patients had their cardiac surgery complicated by
acute dialysis, compared with 1 in 390 in 1995.
Similarly, in recent years, as many as 1 in 85
patients had their vascular surgery complicated
by acute dialysis, compared with 1 in 230 in
1995. The rising annual trend in acute dialysis
was prominent in unadjusted analysis and
remained significant after statistical adjustment
for patient and surgical characteristics (Figure 3C; compared with 1995, adjusted odds ratio
[OR] in 2009 was 1.7, 95% CI 1.3–2.1). The
start of acute dialysis occurred earlier after
surgery in recent years. In 1995, the first treatment was done a median of 5 (interquartile range
[IQR] 3–9) days after surgery, compared with a
median of 2 (IQR 1–6) days after surgery in
2009 (Figure 4).
The types of dialysis used changed over time
(Figure 5). Among all patients who received
dialysis, 79.9% received at least one postoperative treatment using intermittent hemodialysis
(data not shown). In 1995, 37.6% of patients
received at least one treatment using peritoneal
dialysis, a modality rarely used for acute dialysis
after 1998. The use of continuous renal replacement therapy increased during the study period.
Among patients receiving acute dialysis, 9.7%
received at least one treatment with continuous
renal replacement therapy in 1995, compared
with 45.1% of patients in 2009.

A

Cardiac
Vascular
Thoracic
Abdominal
Retroperitoneal

1.0
0.8
0.6
0.4
0.2
0.0
1995

1997

1999

2001

2003

Year

C
5.0
Unadjusted OR
Adjusted OR

4.0

Odds of acute dialysis

criteria decreased substantially, the annual number of vascular surgeries decreased slightly, and
the annual numbers of cardiac, thoracic and
retroperitoneal surgeries increased (Table 1).

3.0

2.0

1.0

0.5
1995

1997

1999

2001

2003

Year
Figure 3: Incidence of postoperative acute dialysis, 1995–2009, (A) by age and
(B) by type of surgery. (C) Association between year of surgery and acute dialysis after surgery, using 1995 as the reference year. Error bars indicate 95% confidence intervals. The model was adjusted for year, age, Charlson Comorbidity
Index, comorbid medical conditions (diabetes mellitus, peripheral vascular disease, chronic obstructive pulmonary disease, hypertension, coronary artery disease, cerebrovascular disease, chronic kidney disease, liver dysfunction, cancer,
congestive heart failure) and type of surgery. OR = odds ratio.
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Interpretation
Older patients and people with multiple comorbidities are increasingly undergoing elective
major surgery. In parallel to the increasing presence of risk factors for acute kidney injury
among surgical candidates, the incidence of

Time from index surgery to dialysis, d

15

10

5

0
1995

1997

1999

2001

2003

2005

2007

2009

Year
Figure 4: Time (mean, d) from index surgery to first dialysis treatment. Error
bars indicate minimum and maximum values, and boxes indicate values for the
interquartile range.

100
IHD
PD
CRRT

Type of dialysis, %

80

60

40

20

0
1995

1997

1999

2001

2003

2005

2007

2009

Year
Figure 5: Incidence of acute dialysis, 1995–2009, by type of dialysis received. Type
of dialysis was defined as receipt of at least one treatment using the specified
modality in the 14 days postsurgery. Because a patient could receive treatment
with more than one modality during the postoperative period, the percentages
of all modalities in a given year may exceed 100%. CRRT = continuous renal
replacement therapy, IHD = intermittent hemodialysis, PD = peritoneal dialysis.
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acute kidney injury treated with dialysis may be
increasing despite general advances in surgery.
In a large representative sample of five types of
surgery, we saw a threefold increase in the use of
acute dialysis over a period of 15 years. This
increase occurred primarily among patients
undergoing cardiac and vascular surgeries.
Almost half the patients who received acute dialysis died within 90 days of their surgery. Among
those who survived, one in four did not recover
kidney function and required chronic dialysis.
These latter outcomes remained consistently
poor over time.
Our results may have several explanations. It
is reasonable to assume that there may be a
higher risk of acute kidney injury among older
and increasingly comorbid patients. In addition,
less invasive alternatives are developing such
that only those patients with the worst prognosis may be triaged to receive surgery. For example, patients who undergo cardiac surgery today
may primarily be those with diffuse coronary
lesions not amenable to angioplasty, or those
who need concomitant valve repair; 2 6 such
patients might be expected to have higher rates
of acute kidney injury than their predecessors.
Furthermore, our inclusion criteria for elective
surgery required that patients stay in hospital
overnight. However, compared with 10 years
ago, contemporary patients who undergo less
complex surgeries may no longer require an
overnight stay in hospital. Accordingly, the
increase in minimally invasive surgeries (e.g.,
laparascopic cholecystectomy) is consistent
with the marked decrease in abdominal surgeries requiring an overnight stay.27
The median time to the start of dialysis
decreased during the study period, from five
days to two days after surgery. Patients with
preoperative chronic kidney disease are among
those at highest risk for acute kidney injury,
and the proportion of these patients having
major surgery increased with time. This group,
with reduced renal reserve, may be contributing to trends in starting dialysis earlier. Alternatively, nephrologists today may be consulted
earlier in the course of a patient’s illness than
before, dialysis may be more readily available,
and the threshold for starting dialysis may be
lower. 28–31 This last practice may have been
influenced by recent studies suggesting that
starting dialysis earlier may improve prognosis.29,32–35 Unfortunately, despite the trends in
increasing use of dialysis and starting it earlier,
survival has remained poor. Unchanging mortality and rates of chronic dialysis also suggest
these trends reflect a lower threshold for starting treatment.

Research
Comparison with other studies
In a study using data from the United States’
Nationwide Inpatient Sample, involving 7.3 million cardiac surgeries, the incidence of acute dialysis increased from 0.2% in 1988 to 0.6% in
2003.11 Using data from about 35 000 cardiac
surgeries done at a single centre in Cleveland,

Ohio, Thakar and colleagues also showed an
increase in the incidence of acute dialysis, from
1.5% in 1993 to 2.0% in 2002. 10 Unlike our
results, a decrease in mortality after acute dialysis
was described in both studies, from 61% in 1993
to 49% in 2002,10 and from 47% in 1988 to 30%
in 2003.11 Both of these studies described inB

60

Adjusted odds of death

Incidence of death (per 100 patients
receiving acute dialysis)

A

50
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30

0

2.0

1.0
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2001
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2009

1997

Year
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2001

2003

2005

2007

2009

Year

Figure 6: (A) Incidence of death at 90 days among patients who received acute dialysis after surgery. (B) Association between year of
surgery and death among patients who received acute dialysis, using 1995 as the reference year. Error bars indicate 95% confidence
intervals. The model was adjusted for year, age, Charlson Comorbidity Index, comorbid medical conditions (diabetes mellitus, peripheral
vascular disease, chronic obstructive pulmonary disease, hypertension, coronary artery disease, cerebrovascular disease, chronic kidney
disease, liver dysfunction, cancer, congestive heart failure) and type of surgery.

B
25

Adjusted odds of chronic dialysis

Incidence of chronic dialysis
(per 100 patients receiving acute dialysis)

A

20

15

10

0

2.0

1.0

0.5

0.2
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2001 2003

Year
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1997

1999 2001 2003
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2007 2009
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Figure 7: (A) Incidence of chronic dialysis among patients who received acute dialysis after surgery and survived beyond 90 days. (B) Association between year of surgery and chronic dialysis among patients who received acute dialysis, using 1995 as the reference year. Error bars
indicate 95% confidence intervals. The model was adjusted for year, age, Charlson Comorbidity Index, comorbid medical conditions (diabetes mellitus, peripheral vascular disease, chronic obstructive pulmonary disease, hypertension, coronary artery disease, cerebrovascular disease, chronic kidney disease, liver dysfunction, cancer, congestive heart failure) and type of surgery.
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hospital mortality rather than 90-day mortality,
which is a potential reason for the different
results.
Little attention has been paid to patients who
fail to recover kidney function after receiving
postoperative dialysis for acute kidney injury.
One study from Boston, Massachusetts, de scribed a need for chronic dialysis in 64% of
13 847 patients who received acute dialysis following coronary artery bypass grafting. 3 6
Another study from Swansea, Wales, found
that only 2.2% of 98 patients who received
continuous renal replacement therapy after cardiac bypass subsequently received long-term
renal support.37
Strengths and limitations
We were able to study data from more than
500 000 patients who underwent a variety of surgical procedures in more than 100 hospitals. In
addition, procedural codes for both surgery and
dialysis are well-documented, with little chance
of misclassification.
We did not have data on patient characteristics at the time dialysis was started to determine
whether thresholds for starting dialysis have
changed. Furthermore, we did not have access to
the results of laboratory investigations. Instead,
we used database codes to assess preoperative
chronic kidney disease, recognizing that these
diagnostic codes are specific but not sensitive.
Similarly, given the limitations of diagnostic
codes for acute kidney injury, we did not examine the outcome of perioperative acute kidney
injury that was not treated with dialysis.16 We
were thus unable to contrast the outcomes over
time of similar patients who did and did not
receive acute dialysis. Finally, secular changes
in database codes and coding practices may
have influenced some of our results; however,
most codes were stable during our period of
interest and were unlikely to affect the overall
trends we saw.
Conclusion
This study shows an important increase in the
complication of severe acute kidney injury
treated with dialysis after cardiac and vascular
surgeries. Outcomes for patients who receive
acute dialysis after surgery remain poor. To date,
interventional studies to prevent acute kidney
injury in the surgical setting have been limited in
their size, rigor and success.38 Our results should
prompt renewed efforts to develop and test interventions to prevent severe acute kidney injury
and to attenuate the high burden of death and
end-stage renal disease after such injury has
occurred.
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