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ABSTRACT
BACKGROUND: Among adults undergoing
contemporary noncardiac surgery, little is
known about the frequency and timing of
death and the associations between perioperative complications and mortality.
We aimed to establish the frequency and
timing of death and its association with
perioperative complications.
METHODS: We conducted a prospective
cohort study of patients aged 45 years
and older who underwent inpatient noncardiac surgery at 28 centres in 14 countries. We monitored patients for complications until 30 days after surgery and
determined the relation between these
complications and 30-day mortality
using a Cox proportional hazards model.

W

RESULTS: We included 40 004 patients.
Of those, 715 patients (1.8%) died
within 30 days of surgery. Five deaths
(0.7%) occurred in the operating room,
500 deaths (69.9%) occurred after surgery during the index admission to
hospital and 210 deaths (29.4%)
occurred after discharge from the hospital. Eight complications were independently associated with 30-day mortality. The 3 complications with the
largest attributable fractions (AF; i.e.,
potential proportion of deaths attributable to these complications) were
major bleeding (6238 patients, 15.6%;
adjusted hazard ratio [HR] 2.6, 95%
confidence interval [CI] 2.2–3.1; AF
17.0%); myocardial injury after non

orldwide, 100 million patients aged 45 years and
older undergo inpatient noncardiac surgery each
year.1,2 Although surgery has the potential to improve
and prolong quality and duration of life, it is also associated with
complications and mortality.
During the last several decades, advances in perioperative
care have included less invasive surgery, improved anesthetic
techniques, enhanced intraoperative monitoring and more rapid
mobilization after surgery.2 At the same time, the age and the
number of comorbidities of patients undergoing surgery have
increased substantially. 3,4 Hence, in the current context, the
frequency and timing of mortality is uncertain, as is the relation
between perioperative complications to mortality.
In a large prospective study (The Vascular Events in Noncardiac Surgery Patients Cohort Evaluation [VISION] Study), we systematically followed patients who underwent noncardiac
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cardiac surgery [MINS] (5191 patients,
13.0%; adjusted HR 2.2, 95% CI 1.9–2.6;
AF 15.9%); and sepsis (1783 patients,
4.5%; adjusted HR 5.6, 95% CI 4.6–6.8;
AF 12.0%).
INTERPRETATION: Among adults under-

going noncardiac surgery, 99.3% of
deaths occurred after the procedure
and 44.9% of deaths were associated
with 3 complications: major bleeding,
MINS and sepsis. Given these findings,
focusing on the prevention, early identification and management of these
3 complications holds promise for
reducing perioperative mortality. Study
registration: ClinicalTrials.gov, no.
NCT00512109.

surgery and documented perioperative complications and death.
Our a priori objectives included establishing the frequency and
timing of death after noncardiac surgery, and the association
between perioperative complications and postsurgical death.

Methods
Study design, population and data
We previously reported details of the study design and
methods.5,6
VISION was an international, prospective cohort study.
Patients were included if they were aged 45 years or older, had
undergone noncardiac surgery, had received general or regional
anesthesia and remained in hospital for at least 1 night after surgery. Patients were recruited at 28 centres in 14 countries in
North and South America, Asia, Europe, Africa and Australia,
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lists from the previous day, patient lists on surgical wards and in
intensive care units, and patients in the preoperative holding
areas. In some centres, surgical volume exceeded the capacity of
research staff to enroll all eligible patients on consecutive weeks.
To facilitate recruitment of a representative sample in these centres, the project office created a recruitment schedule consisting
of randomly selected weeks of recruitment or randomly selected
surgical services, proportional to the prevalence of the types of
surgery at each local centre. Appendix 1B provides the details
regarding participant consent.
Research team members interviewed and examined patients
and reviewed charts to obtain baseline variables (e.g., comorbidities), type of surgery (Appendix 1C) and type of anesthesia;
ensured measurement of troponin T at 6–12 hours after surgery
and on days 1, 2 and 3 after surgery; and evaluated patients
throughout their hospital stay, reviewed hospital charts and
noted outcomes.
All-cause mortality was the primary outcome. The specific
complications that we evaluated were major bleeding, myocardial injury after noncardiac surgery (MINS), sepsis, nonsepsis
infection, acute kidney injury requiring dialysis, stroke, congestive heart failure, venous thromboembolism and new-onset
atrial fibrillation. Appendix 1D provides the study outcomes and
their definitions. Study team members phoned patients (or, if the
patient was unavailable, next of kin) at 30 days after surgery and
documented patient outcomes. We focused on 30-day outcomes
because noncardiac surgery is associated with an increased risk
of major complications until 30 days after surgery, 7 and most
perioperative studies focus on 30-day outcomes.8–10
Research team members submitted case report forms and
supporting documentation to the data management system
(iDataFax, coordinating centre, McMaster University, Hamilton,
Ontario). Data monitoring comprised central data consistency
checks and on-site monitoring. Outcome adjudicators evaluated
the outcomes listed in Appendix 1E; their decisions were used for
the analyses.

Statistical analysis
We wrote a statistical analysis plan before undertaking analyses,
which is available in Appendix 2 (available at www.cmaj.ca/
lookup/suppl/doi:10.1503/cmaj.190221/-/DC1). Of the patients
who died within 30 days after noncardiac surgery, we determined the proportion who died in the operating room, after surgery during the index admission to hospital and after discharge
from the hospital. We determined the risk of death by geographical region and type of surgery.
To determine the relation between perioperative complications and mortality, we used a Cox proportional hazards model
in which the dependent variable was mortality up to 30 days
after noncardiac surgery. Independent variables included pre
operative and surgical variables previously associated with
30-day perioperative mortality5,11 (Appendix 1F) and perioperative complications as time-dependent variables. We included
centre in the model as a random effect. Patients who did not
complete the 30-day follow-up were censored on the last day
their vital status was known. We established our sample population
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from August 2007 to November 2013 (Supplemental Table 1,
Appendix 1, available at www.cmaj.ca/lookup/suppl/
doi:10.1503/cmaj.190221/-/DC1). If patients underwent surgery
and were enrolled in VISION and then had surgery 18 months
later, they could not be re-enrolled in VISION. In other words,
patients could be enrolled only once. This is a common criterion
we use in our observational and randomized controlled trials.
Appendix 1 lists the participating centres and investigators, as
well as the grants and funding sources (Box 1). Appendix 1A provides the study oversight.
All centres that enrolled patients were academic hospitals.
Research team members identified patients undergoing elective,
urgent or emergent surgery during the day and night, and on
weekdays and weekends, through daily screening of patient lists
in preoperative assessment clinics, daily surgical lists, surgical
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based on the number of events that we would require to include
an adequate number of covariates in our risk prediction models.
Our sample population of 40 000 patients provided 37 events per
variable included in our multivariable analysis,12 which ensured a
stable model.
Based on the results of the Cox proportional hazards model,
we determined the attributable fraction (AF) for each complication that was independently associated with 30-day mortality.13
This is a measure that represents the proportional reduction in
mortality within a population that would occur if the incidence of
a complication was reduced to 0, provided that a causal relation
existed between that complication and 30-day mortality.
For the Cox proportional hazards models, we report adjusted
hazard ratios (HRs) and 95% confidence intervals (CIs). Discrimination was assessed through evaluation of the optimismcorrected C-index. All tests were 2-sided, and we designated
p < 0.05 as significant. Analyses were performed using SAS version
9/4 (SAS Institute Inc.) and version R-3.5.1 (R Project).

Table 1: Patient baseline characteristics
Characteristic

No. (%) of patients
n = 40 004

Age, yr
45–64

22 141 (55.3)

65–74

10 160 (25.4)

≥ 75
Sex, female

7703 (19.3)
19 877 (49.7)

History of
Hypertension

20 152 (50.5)
n = 39 917

Diabetes

8332 (20.9)
n = 39 905

Coronary artery disease

5159 (12.9)
n = 39 876

Peripheral arterial disease

3203 (8.0)

Chronic obstructive pulmonary disease

3165 (7.9)

Coronary revascularization

Each academic hospital obtained approval from its research ethics board before starting patient enrolment.

2256 (5.7)
n = 39 828

Stroke

1682 (4.2)

Congestive heart failure

Results

1424 (3.6)
n = 39 870

High-risk coronary artery disease

384 (1.0)

Cardiac arrest

235 (0.6)
n = 39 868

Coronary revascularization within 6 mo

138 (0.3)
n = 39 827

Active cancer

9832 (24.6)

Atrial fibrillation just before surgery

1123 (2.8)
n = 39 876

Ethics approval

Of the 40 037 patients enrolled in VISION, 40 004 were included in
these mortality analyses; we were unable to determine survival
status at hospital discharge or at 30 days for 31 patients, and
2 patients were missing predictors used in our model (Supplemental Figure 1, Appendix 1). We obtained 30-day follow-up data
on 39 651 patients (99.1%).
Table 1 reports patients’ preoperative characteristics, surgical
categories and type of anesthesia. Half of the patients were
women, and mean age was 63.9 (standard deviation 11.2) yr. The
most common comorbidities were hypertension (20 152 patients,
50.5%), active cancer (9832 patients, 24.6%), and diabetes
(8332 patients, 20.9%). The most common surgeries were lowrisk surgery (14 383 patients, 36.0%), major general surgery
(7950 patients, 19.9%) and major orthopedic surgery
(6982 patients, 17.5%). Of all surgeries, 4189 patients (10.5%)
underwent urgent or emergent surgery. The most common types
of anesthesia were general only (20 760 patients, 51.9%) and
neuraxial only (9557 patients, 23.9%). The median length of hospital stay was 4 (interquartile range [IQR] 2–8) days.
During the 30-day follow-up, 715 patients (1.8%, 95% CI 1.7%–
1.9%) died. Mortality varied across regions (Supplemental Table 2,
Appendix 1), ranging from 96 deaths among 1489 patients (6.4%,
95% CI 5.3%–7.8%) in Africa to 253 deaths among 22 447 patients
(1.1%, 95% CI 1.0%–1.3%) in North America, Europe and Australia.
Geographical regions were independent predictors of mortality
when added to our model (Supplemental Table 3, Appendix 1).
Mortality also varied across surgical categories (Supplemental
Table 4, Appendix 1), ranging from a mortality of 240 deaths
among 7950 patients (3.0%, 95% CI 2.7–3.4) undergoing major
general surgery to 24 deaths among 4827 patients (0.5%, 95% CI
0.3–0.7) undergoing major urology and gynecology surgeries; the

E832

Preoperative estimated glomerular
filtration rate (mL/min/1.73 m2)

n = 37 290

< 30

1515 (4.1)

30–44

1774 (4.8)

45–59
> 60

3707 (9.9)
30 294 (81.2)

Surgical category*
Major general

7950 (19.9)

Major orthopedic

6982 (17.5)

Major urology and gynecology

4827 (12.1)

Major vascular

2642 (6.6)

Major neurosurgery

2341 (5.9)

Major thoracic
Low-risk surgery only
Urgent or emergent surgery
Type of anesthesia
General only

1165 (2.9)
14 383 (36.0)
4189 (10.5)
n = 39 969
20 760 (51.9)

Neuraxial (spinal or epidural) only

9557 (23.9)

General with nitrous oxide only

3805 (9.5)

General and thoracic epidural only

1658 (4.1)

General and nerve block only

1252 (3.1)

Other

2937 (7.3)

*No. of patients with 2 major surgery categories = 280; no. of patients with 3 major
surgery categories = 3.
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Table 2: Thirty–day perioperative complications overall and by type of surgery

Type of major surgery

Outcome

All surgeries
n = 40 004

General
n = 7950

Vascular
n = 2642

Neurosurgery
n = 2341

Orthopedic
n = 6982

Thoracic
n = 1165

Urology or
gynecology
n = 4827

Low-risk
surgery only
n = 14 383

Major bleeding

6238
1454
666
419
2164
119
658
(15.6, 15.2–16.0) (18.3, 17.5–19.2) (25.2, 23.6–26.9) (17.9, 16.4–19.5) (31.0, 29.9–32.1) (10.2, 8.6–12.1) (13.6, 12.7–14.6)

876
(6.1, 5.7–6.5)

MINS

5191
980
633
301
1257
231
503
(13.0, 12.7–13.3) (12.3, 11.6–13.1) (24.0, 22.4–25.6) (12.9, 11.6–14.3) (18.0, 17.1–18.9) (19.8, 17.6–22.2) (10.4, 9.6–11.3)

1335
(9.3, 8.8–9.8)

Sepsis

1783
(4.5, 4.3–4.7)

783
(9.8, 9.2–10.5)

140
(5.3, 4.5–6.2)

132
(5.6, 4.8–6.6)

258
(3.7, 3.3–4.2)

54
(4.6, 3.6–6.0)

162
(3.4, 2.9–3.9)

293
(2.0, 1.8–2.3)

Infection without
sepsis

2171
(5.4, 5.2–5.7)

632
(7.9, 7.4–8.6)

152
(5.8, 4.9–6.7)

102
(4.4, 3.6–5.3)

508
(7.3, 6.7–7.9)

44
(3.8, 2.8–5.0)

261
(5.4, 4.8–6.0)

493
(3.4, 3.1–3.7)

Acute kidney injury
with dialysis

118
(0.3, 0.2–0.4)

49
(0.6, 0.5–0.8)

25
(0.9, 0.6–1.4)

4
(0.2, 0.1–0.4)

14
(0.2, 0.1–0.3)

3
(0.3, 0.1–0.8)

7
(0.1, 0.1–0.3)

17
(0.1, 0.1–0.2)

Stroke

132
(0.3, 0.3–0.4)

20
(0.3, 0.2–0.4)

25
(0.9, 0.6–1.4)

34
(1.5, 1.0–2.0)

24
(0.3, 0.2–0.5)

5
(0.4, 0.2–1.0)

7
(0.1, 0.1–0.3)

18
(0.1, 0.1–0.2)

Venous
thromboembolism

299
(0.7, 0.7–0.8)

71
(0.9, 0.7–1.1)

15
(0.6, 0.3–0.9)

22
(0.9, 0.6–1.4)

114
(1.6, 1.4–2.0)

5
(0.4, 0.2–1.0)

38
(0.8, 0.6–1.1)

39
(0.3, 0.2–0.4)

Congestive heart
failure

372
(0.9, 0.8–1.0)

113
(1.4, 1.2–1.7)

46
(1.7, 1.3–2.3)

5
(0.2, 0.1–0.5)

120
(1.7, 1.4–2.1)

12
(1.0, 0.6–1.8)

30
(0.6, 0.4–0.9)

53
(0.4, 0.3–0.5)

New, clinically
important atrial
fibrillation

370
(0.9, 0.8–1.0)

145
(1.8, 1.6–2.1)

47
(1.8, 1.3–2.4)

9
(0.4, 0.2–0.7)

89
(1.3, 1.0–1.6)

35
(3.0, 2.2–4.1)

29
(0.6, 0.4–0.9)

28
(0.2, 0.1–0.3)

Death

715
(1.8, 1.7–1.9)

240
(3.0, 2.7–3.4)

73
(2.8, 2.2–3.5)

62
(2.6, 2.1–3.4)

124
(1.8, 1.5–2.1)

20
(1.7, 1.1–2.6)

24
(0.5, 0.3–0.7)

177
(1.2, 1.1–1.4)

Note: CI = confidence interval, MINS = myocardial injury after noncardiac surgery.

latter mortality was lower than what were deemed a priori as
low-risk surgeries (177 deaths among 14 383 patients [1.2%,
95% CI 1.1–1.4]).
Among the 715 patients who died, 5 deaths (0.7%, 95% CI
0.3%–1.6%) occurred in the operating room, 500 (69.9%, 95% CI
66.5%–73.2%) occurred after surgery during the index admission
to hospital and 210 (29.4%, 95% CI 26.1%–32.8%) occurred after
discharge from the hospital. The median time to death was
11 (IQR 6–19) days, and the number of deaths was almost evenly
distributed over 30-day follow-up (Supplemental Figure 2,
Appendix 1).
The timing and location of deaths varied across regions (e.g.,
Asia, 73 deaths [37.1%] after hospital discharge; Africa,
18 deaths [18.8%] after hospital discharge; Supplemental
Table 5, Appendix 1). The timing and location of deaths also varied across surgical categories (Supplemental Table 6, Appendix 1):
of the deaths that occurred, death in the operating room was
most common in major vascular surgery (2.7%) and death after
hospital discharge was least common in major urology or gynecology surgery (12.5%).
The most common complications were major bleeding
(6238 patients, 15.6%), MINS (5191 patients, 13.0%), infection
without sepsis (2171 patients, 5.4%) and sepsis (1783 patients,
4.5%) (Table 2). There was variation across surgical categories for
major bleeding and MINS. Among the major surgeries, major

bleeding was most common in major orthopedic surgery
(2164 patients, 31.0%) and least common in thoracic surgery
(119 patients, 10.2%). Among the major surgeries, MINS was
most common in major vascular surgery (633 patients, 24.0%)
and least common in major urologic or gynecologic surgery
(503 patients, 10.4%). The median time to major bleeding was on
the day (IQR 0–2) of surgery, MINS occurred a median of 1 (IQR
0–1) day after surgery and sepsis occurred a median of 6 (IQR
3–11) days after surgery (Supplemental Figure 2, Appendix 1).
Eight perioperative complications were independently associated with 30-day mortality (Table 3) after we adjusted for pre
operative patient characteristics and surgical categories
(Supplemental Table 7, Appendix 1). This model had an optimism-corrected concordance index (C-index) of 0.89. We found
that the following complications were independently associated
with 30-day mortality: major bleeding (361 deaths; adjusted
HR 2.6, 95% CI 2.2–3.1), MINS (314 deaths; adjusted HR 2.2;
95% CI 1.9–2.6), sepsis (215 deaths; adjusted HR 5.6, 95% CI 4.6–
6.8), infection without sepsis (55 deaths; adjusted HR 2.3, 95% CI
1.7–3.0), acute kidney injury with new dialysis (49 deaths;
adjusted HR 4.2, 95% CI 3.1–5.8), stroke (27 deaths; adjusted
HR 3.7, 95% CI 2.5–5.7), venous thromboembolism (15 deaths;
adjusted HR 2.2, 95% CI 1.3–3.7) and congestive heart failure
(54 deaths; adjusted HR 2.4, 95% CI 1.7–3.2). The highest attributable fractions of risk of mortality were associated with major

CMAJ | JULY 29, 2019 | VOLUME 191 | ISSUE 30

E833

RESEARCH

No. (%, 95% CI) of patients

RESEARCH

Table 3: Relation between perioperative complications and 30-day mortality*
No. of patients who
died/total no. of
patients with the
outcome

Percentage (95% CI)
of patients who died

Adjusted HR
(95% CI)

Major bleeding
No major bleeding

361/6238
354/33 766

5.8 (5.2–6.4)
1.0 (0.9–1.2)

2.6 (2.2–3.1)
Ref.

17.0

MINS
No MINS

314/5191
401/34 813

6.0 (5.4–6.7)
1.2 (1.0–1.3)

2.2 (1.9–2.6)
Ref.

15.9

Sepsis
Infection without sepsis
No sepsis or infection

215/1783
55/2171
445/36 050

12.1 (10.6–13.7)
2.5 (2.0–3.3)
1.2 (1.1–1.4)

5.6 (4.6–6.8)
2.3 (1.7–3.0)
Ref.

12.0
2.8

Acute kidney injury with dialysis
No acute kidney injury with dialysis

49/118
666/39 886

41.5 (33.0–50.5)
1.7 (1.5–1.8)

4.2 (3.1–5.8)
Ref.

1.1

Stroke
No stroke

27/132
688/39 872

20.5 (14.5–28.1)
1.7 (1.6–1.9)

3.7 (2.5–5.7)
Ref.

0.8

Venous thromboembolism
No venous thromboembolism

15/299
700/39 705

5.0 (3.1–8.1)
1.8 (1.6–1.9)

2.2 (1.3–3.7)
Ref.

0.3

Congestive heart failure
No congestive heart failure

54/372
661/39 632

14.5 (11.3–18.5)
1.7 (1.5–1.8)

2.4 (1.7–3.2)
Ref.

0.7

New, clinically important atrial fibrillation
No new, clinically important atrial fibrillation

44/370
671/39 634

11.9 (9.0–15.6)
1.7 (1.6–1.8)

1.4 (1.0–2.0)
Ref.

NA

Outcome

AF,† %

Note: AF = attributable fraction, CI = confidence interval, HR = hazard ratio, MINS = myocardial injury after noncardiac surgery, NA = not applicable, Ref. = reference.
*Cox proportional hazards model in which the dependent variable was 30-day mortality and the independent variables included preoperative and surgical variables previously
associated with 30-day perioperative mortality and perioperative complications as time-dependent variables.
†The AF is a measure that represents the proportional reduction in mortality within a population that would occur if the incidence of a complication was reduced to 0, provided that a
causal relation existed between that complication and 30-day mortality. We used frequency of a complication and the association between the complication and mortality to
calculate the AF.

bleeding (17.0%), MINS (15.9%) and sepsis (12.0%). Of the
715 patients who died, 147 (20.6%, 95% CI 17.8%–23.7%) did not
have any of the 8 perioperative complications that were associated with 30-day mortality.
Figure 1 shows the Kaplan–Meier estimates of mortality,
MINS, major bleeding and sepsis. These complications varied
across regions (Supplemental Table 8, Appendix 1). The Venn
diagrams show the outcomes of patients who did and did not
have major bleeding, MINS and sepsis, and patients who had
combinations of these events (Figure 2).
Post hoc analyses that included preoperative estimated glomerular filtration rate and hemoglobin showed similar relations
between perioperative complications and mortality (Supplemental Table 9, Appendix 1).

Interpretation
In our study, involving 40 004 patients who underwent inpatient
noncardiac surgery, 715 died (1.8%) within 30 days after surgery.
Death in the operating room was uncommon (i.e., 5 deaths);
however, death after discharge from hospital was common,
accounting for 29.4% of all deaths. The 3 perioperative complications that were independently associated with mortality and had
the highest attributable fractions were major bleeding, MINS and
sepsis. The median time to major bleeding was the day of surgery, median time to MINS was 1 day after surgery and median
time to sepsis was 6 days after surgery.

E834

The African Surgical Outcomes Study, a large prospective
cohort study that included patients undergoing noncardiac surgery in 25 countries in Africa, reported a lower risk of perioperative mortality (2.1%) compared with our study (i.e., 6.5% risk of
mortality in Africa) that may be explained by the younger population and shorter duration of follow-up in the African study.14 A
prospective cohort study involving patients undergoing noncardiac surgery in 28 countries in Europe reported a higher risk of
perioperative mortality (4.0%)15 than our study (1.2% risk of mortality in Europe). This study recruited patients over 7 days in each
hospital, and it is possible that recruitment did not reflect a representative sample within the participating centres. Moreover,
this study reported that 25% of patients underwent urgent or
emergent surgery, whereas 10% of patients in our study underwent urgent or emergent surgery. We found that urgent or emergent surgery was independently associated with a higher risk of
mortality (Supplemental Table 7, Appendix 1).
A 2011 large retrospective study evaluated surgeries with
death rates greater than 2.0% 16 and, similar to our study,
reported that 23.2% of 30-day deaths occurred after hospital discharge. Similar to our results, a 2018 study involving adults
undergoing noncardiac surgery in Switzerland reported, using a
model predicting 30-day mortality, adjusted HRs associated with
MINS of 2.3 (95% CI 1.2–4.4) and with sepsis of 4.5 (95% CI 2.2–
9.2).17 A large randomized controlled trial that investigated the
effects of perioperative β-blockers in patients undergoing noncardiac surgery reported that significant perioperative bleeding
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Figure 1: Kaplan–Meier curves for death, MINS, major bleeding and sepsis. Note: MINS = myocardial injury after noncardiac surgery.

Sepsis
n = 691 (1.7%)
40 deaths (5.8%)

n = 597 (1.5%)
80 deaths (13.4%)

N = 1783 (4.5%)
215 deaths (12.1%)

n = 158 (0.4%)
34 deaths (21.5%)

n = 337 (0.8%)
61 deaths (18.1%)

n = 3819 (9.5%)
112 deaths (2.9%)
n = 1485 (3.7%)
108 deaths (7.3%)

Bleeding

n = 3211 (8.0%)
111 deaths (3.5%)

MINS

n = 6238 (15.6%)
361 deaths (5.8%)

n = 5191 (13.0%)
314 deaths (6.0%)

Figure 2: Outcomes among patients who had major bleeding, MINS and sepsis, and patients who had combinations of these events. Notes: MINS =
myocardial injury after noncardiac surgery; 29 706 (74.3%) of patients had no bleeding, sepsis or MINS, of whom 169 died (0.6%).
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0.15

was independently associated with 30-day mortality (adjusted
HR 1.7, 95% CI 1.1–2.4),8 which is similar to our finding.
In our study of patients aged 45 years and older who underwent noncardiac surgery, 1.8% of patients died within 30 days of
surgery. Assuming that worldwide, 100 million adults aged
45 years and older undergo noncardiac surgery annually,2 then
about 1.8 million adults die within 30 days of noncardiac surgery
each year. This indicates that perioperative mortality is a substantial global health problem.
We found that death in the operating room was uncommon
(i.e., 5 patients) and accounted for 0.7% of deaths. In contrast,
postoperative mortality was substantial (i.e., 710 deaths),
accounting for 99.3% of deaths. Moreover, 29.4% of all deaths
occurred after patients were discharged from the hospital. These
data suggest the need for improved monitoring and management of patients after surgery and into the home setting.
Anesthetic-related mortality has decreased 100-fold over the
last 100 years.18 Improvements in intraoperative mortality have
been attributed largely to increased monitoring during surgery,
through the use of electronic monitors (e.g., frequent blood pressure, continuous pulse oximetry and electrocardiography) and

RESEARCH

the development of a culture of vigilance in anesthesia, as shown
by the development of protocols and standards for intraoperative monitoring and care.19,20
In the postoperative setting, most patients receive care from
their surgeon, who is often busy performing surgery. After discharge from the hospital, these patients receive care weeks later in
their physician’s office. After surgery, when patients are usually
receiving analgesics that can mask symptoms (e.g., chest pain) of
some complications,5 they typically have their vital signs checked
every 4–8 hours on a surgical floor.21 After hospital discharge, most
patients receive only monitoring at their 3- to 4-week follow-up.
Studies that obtained continuous pulse oximetry and blood
pressure readings from patients on surgical floors have shown
that many patients have prolonged hypoxia and hypotension
that is not identified by health care providers.22,23 Given that
some studies have shown that hypoxia and hypotension are precursors to postoperative complications,24,25 remote automated
monitoring technology with a health care provider who is available to respond to early signs of an impending complication may
improve outcomes after surgery, similar to how anesthesiologists
and enhanced monitoring improved intraoperative outcomes.
These interventions require evaluation in prospective studies.
Our study has several strengths: a large sample population of
patients from 28 centres in 14 countries, study team members
systematically followed all patients and 99.1% of the patients
completed the 30-day follow-up. Our mortality model showed
excellent discrimination.

Limitations
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