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Aims The incidence of respiratory failure and use of invasive or non-invasive mechanical ventilation (MV) in the cardiac
intensive care units (CICUs) is increasing. While institutional MV volumes are associated with reduced mortality in
medical and surgical ICUs, this volume–mortality relationship has not been characterized in the CICU.

...................................................................................................................................................................................................
Methods and
results

National population-based data were used to identify patients admitted to CICUs (2005–2015) requiring MV in
Canada. CICUs were categorized into low (<_100), intermediate (101–300), and high (>300) volume centres based
on spline knots identified in the association between annual MV volume and mortality. Outcomes of interest
included all-cause in-hospital mortality, the proportion of patients requiring prolonged MV (>96 h) and CICU
length of stay (LOS). Among 47 173 CICU admissions requiring MV, 89.5% (42 200) required invasive MV. The me-
dian annual CICU MV volume was 43 (inter-hospital range 1–490). Compared to low-volume centres (35.9%), in-
hospital mortality was lower in intermediate [29.2%, adjusted odds ratio (aOR) 0.84, 95% confidence interval (CI)
0.72–0.97, P = 0.019] and high-volume (18.2%; aOR 0.82, 95% CI 0.66–1.02, P = 0.076) centres. Prolonged MV was
higher in low-volume (29.2%) compared to high-volume (14.8%, aOR 0.70, 95% CI 0.55–0.89, P = 0.003) and
intermediate-volume (23.0%, aOR 0.85, 95% CI 0.68–1.06, P = 0.14] centres. Mortality and prolonged MV were
lower in percutaneous coronary intervention (PCI)-capable and academic centres, but a shorter CICU LOS was
observed only in subgroup of PCI-capable intermediate- and high-volume hospitals.

...................................................................................................................................................................................................
Conclusions In a national dataset, we observed that higher CICU MV volumes were associated with lower incidence of in-

hospital mortality, prolonged MV, and CICU LOS. Our data highlight the need for minimum MV volume bench-
marks for CICUs caring for patients with respiratory failure.
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Introduction

Since their inception in the 1960s, cardiac intensive care units
(CICUs) have evolved to care for a growing proportion of patients
with non-cardiovascular comorbidities and those requiring critical
care therapies including mechanical ventilation (MV), vasoactive
agents, and renal replacement therapy.1–6 Respiratory failure is in-
creasingly common in patients presenting with primary cardiovascu-
lar conditions and it is the leading indication for CICU admission in
over 25% of patients.7–9 Moreover, multiple studies have described
temporal increases in invasive or non-invasive MV with utilization
rates as high as 31% in tertiary CICUs and that MV is independently
associated with in-hospital mortality.1,2,10

In medical and surgical intensive care unit (ICU) populations, re-
spiratory failure requiring MV remains a risk factor for in-hospital
mortality.11–13 Additionally, the annual institutional volume of mech-
anically ventilated patients admitted to ICUs has been inversely asso-
ciated with in-hospital mortality. In one multicentre study, centres
with over 400 patients receiving MV annually had a 37% reduction in
ICU mortality of MV patients compared with centres with fewer than
150 patients, while other studies have reported higher institutional
MV volumes were associated with worse outcomes.14–16 Although
causal factors cannot be determined in these observational studies,
the association may be attributable to greater provider-level experi-
ence and expertise, the implementation of guideline-directed ventila-
tory/weaning parameters and protocols, and the availability of
multidisciplinary resources.5,14,17–19 Despite the growing provision of
MV in CICUs, little is known about the relationship between annual
institutional volume of MV on patient outcomes in this specialized
setting. Accordingly, using a national population-based dataset, we

sought to describe the association between annual institutional vol-
umes of MV on in-hospital mortality and resource utilization in
Canadian CICUs.

Methods

Data sources and study population
Study data were obtained from the Canadian Institute for Healthcare
Information (CIHI), which is a national repository for healthcare data
from nine Canadian provinces and three territories. The Discharge
Abstract Data (DAD) describes the primary admitting diagnosis, up to 24
secondary diagnoses, patient demographics, dates of hospitalization, up
to 20 diagnostic and therapeutic procedures, and the final disposition for
all hospitalizations. Anonymous patient identifiers were used to track
patients through multiple hospitalizations. The University of Alberta
Research Ethics Board (Pro 00060335) approved the study.

The retrospective cohort of interest identified all patients >_18 years of
age admitted to Canadian CICUs who received MV between April 2005
and March 2016 (fiscal year 2005–2015) from a dataset of patients hospi-
talized with primary or secondary diagnoses of common cardiovascular
conditions, cardiovascular risk factors, or cardiovascular procedures
listed in the DAD [see Supplementary material online, Table S1 for list of
International Classification of Diseases (ICD)-10 codes; see
Supplementary material online, Figure S1 for flow diagram]. CICUs within
this dataset were identified using hospital special care unit codes 40
(Cardiac Intensive Care Unit) and 45 (Coronary Intensive Care Unit)
available within the CIHI dataset Patients admitted exclusively to general
medical, surgical, or mixed ICUs were excluded. To avoid misclassifica-
tion of cardiac surgical ICUs as CICUs, we used previously established
methods to exclude all data from units with >15% of patients admitted
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.with a primary diagnosis of coronary artery bypass grafting (CABG).1

Patients admitted to other critical care units during the same hospitaliza-
tion were included. Canadian Classification of Health Interventions (CCI)
codes available within the DAD were used to identify patients requiring
invasive (1.GZ.31.CA) and non-invasive (1.GZ.31.CB) MV.

Primary discharge diagnoses were identified using ICD-10 codes.
Medical comorbidities were identified using ICD-10 codes occurring in
secondary diagnostic fields of the index CICU admission and all hospital-
izations in the prior 1 year, while CCI codes were used to detect percu-
taneous coronary intervention (PCI), CABG, and critical care therapies
performed during the hospitalization. The annual institutional volume of
CICU admissions requiring MV was defined as the total number of CICU
admissions requiring MV for each hospital/institute for each fiscal year.
For the descriptive analysis, hospitals were categorized based on the an-
nual institutional volume of CICU MV into three groups: low-volume
(<_100), intermediate-volume (101–300), and high-volume (>300)
centres based on qualitative analysis of inflexion points on the volume–
mortality spline.

Outcomes
The primary outcome of interest was all-cause in-hospital mortality of
patients who received MV. Secondary endpoints included prolonged MV
(>96 h), and hospital and CICU length of stay (LOS).

Statistical analysis
Continuous variables were presented as mean and standard deviations or
median and interquartile ranges and compared with analysis of variance
or Kruskal–Wallis test across hospital groups, as appropriate. Categorical
variables were presented as frequencies with percentages and compared
across hospital groups with chi-square tests.

Multivariable mixed logistic regression models were used to assess the
association of annual CICU volume on in-hospital mortality and MV dur-
ation >96 h including comorbidities and a random effect variable for hos-
pital to account for the clustering. Hospital LOS and CICU LOS were
analysed using generalized linear models with Poisson distribution and
identity link. Annual institutional MV volume was used as a spline with
two knots (100, 300) identified from the relationship between outcomes
and annual MV volume. We used a stepwise variable selection approach
with a prespecified P-value of 0.99 for variables to enter in the model and
0.20 to be included in the final model with MV volume categories and
hospital characteristics being forced to stay in the model. Adjusted multi-
variable models included annual MV volume categories, hospital charac-
teristics (PCI capability and academic vs. community status), admission
category (emergency department vs. inter-hospital transfer), patient
demographics/comorbidities (age, sex, diabetes, hypertension, heart fail-
ure, myocardial infarction, atrial fibrillation, cerebrovascular disease,
peripheral vascular disease, renal disease, cancer, dementia), angiography/
PCI requirements, and critical care therapies (MV modality, dialysis, resus-
citation) interaction between MV volume categories and hospital charac-
teristics. While assessing the outcome by PCI capability, hospital type
(academic vs. community) was not included in the model and vice versa
as these two variables were correlated. All statistical analyses were per-
formed using SAS statistical software 9.4v.

Results

A total of 47 173 CICU admissions in 99 Canadian CICUs received
MV between April 2005 and March 2016; among whom 42 200
(87.5%) patients exclusively received invasive MV and 4973 (10.5%)
patients received non-invasive MV. A total of 1.9% received both

invasive and non-invasive MV. Invasive MV was used in 88.4%, 89.3%,
and 93.9% of cases in low-, intermediate-, and high-volume centres,
respectively. The median annual number of patients receiving MV in
CICUs was 43 (inter-hospital range 1–490). The non-linear relation-
ship between annual CICU MV volume and in-hospital mortality is
presented in Figure 1 with knots at 100 and 300 cases per year.

Patient demographics and comorbidities stratified by CICU annual
volume groups are summarized in Table 1. Larger MV volume centres
were more frequently academic teaching centres with on-site PCI
capabilities who admitted a higher proportion of inter-hospital trans-
fers. Patients who received MV in higher volume CICUs were more
frequently male, with a history of myocardial infarction but had a
lower incidence of chronic kidney disease and chronic obstructive
pulmonary disease. Higher volume CICUs more frequently had
patients receiving MV with a primary discharge diagnosis of valvular
heart disease or coronary artery disease (CAD), but fewer with acute
coronary syndromes. Rates of invasive MV, cardiac catheterization,
or PCI were higher in larger centres, while dialysis rates were lower.

In-hospital mortality
Unadjusted all-cause in-hospital mortality in low- (<_100 cases/year),
intermediate- (101–300 cases/year), and high-volume centres (>300
cases/year) were 35.9%, 29.2%, and 18.2% (P < 0.0001; Table 2), re-
spectively. In the overall cohort, after multivariable adjustment using
the low-volume group as reference, the relationship was significant in
the intermediate-volume centres [odds ratio (OR): 0.84, 95% confi-
dence interval (CI) 0.72–0.97, P = 0.019; Table 3] and approached sig-
nificance in the of high-volume centres (OR: 0.82, 95% CI 0.66–1.02,
P = 0.076). In a subgroup analysis stratified by hospital type and on-
site PCI capability, point estimates for in-hospital mortality were
lower in intermediate- (OR: 0.81, 95% CI 0.67–0.97, P = 0.023) and
high-volume (OR: 0.80, 95% CI 0.62–1.04, P = 0.10) academic
centres, and in intermediate- (OR: 0.80, 95% CI 0.67–0.97, P = 0.019)
and high-volume centres (OR: 0.79, 95% CI 0.62–1.01, P = 0.064)

Figure 1 In-hospital mortality by annual institutional volume of
cardiac intensive care unit mechanical ventilation.
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Table 1 Characteristics of Canadian cardiac intensive care unit patients requiring mechanical ventilation stratified by
annual institutional mechanical ventilation volume

CICU MV volume Total (n 5 47 173) P-value

�100 (n 5 17 702) 101–300 (n 5 24 351) >300 (5120)

Age at admission

Median (IQR) 70.0 (60.0–78.0) 68.0 (59.0–77.0) 68.0 (59.0–77.0) 69.0 (59.0–78.0) <0.0001

Female sex (%) 6884 (38.9) 8431 (34.6) 1605 (31.3) 16 920 (35.9) <0.0001

MV type

Invasive (%) 15 405 (87.0) 21 180 (87.0) 4710 (92.0) 41 295 (87.5) <0.0001

Non-invasive (%) 2047 (11.6) 2613 (10.7) 313 (6.1) 4973 (10.5)

Both invasive and

non-invasive (%)

250 (1.4) 558 (2.3) 97 (1.9) 905 (1.9)

Admission categories

Transferred (%) 7555 (42.7) 15 134 (62.1) 4211 (82.2) 26 900 (57.0) <0.0001

ED (%) 10 147 (57.3) 9217 (37.9) 909 (17.8) 20 273 (43.0)

PCI capability

Not capable (%) 8471 (47.9) 5274 (21.7) 0 (0.0) 13 745 (29.1) <0.0001

Capable (%) 9231 (52.1) 19 077 (78.3) 5120 (100.0) 33 428 (70.9)

Hospital type <0.001

Academic (%) 8915 (50.4) 19 820 (81.4) 5120 (100.0) 0

All community (%) 8783 (49.6) 4531 (18.6) 0 0

Large community

(%)

7993 (91.0) 4531 (100.0) 0 0

Medium commu-

nity (%)

781 (8.9) 0 0 0

Small community

(%)

9 (0.1) 0 0 0

Comorbidities

Diabetes (%) 2981 (16.8) 4021 (16.5) 779 (15.2) 7781 (16.5) 0.0221

Hypertension (%) 2925 (16.5) 4385 (18.0) 867 (16.9) 8177 (17.3) 0.0003

Dyslipidaemia (%) 672 (3.8) 1025 (4.2) 216 (4.2) 1913 (4.1) 0.0867

Myocardial infrac-

tion (%)

1672 (9.4) 2806 (11.5) 760 (14.8) 5238 (11.1) <0.0001

PCI (%) 281 (1.6) 342 (1.4) 67 (1.3) 690 (1.5) 0.1895

CABG (%) 154 (0.9) 147 (0.6) 20 (0.4) 321 (0.7) 0.0001

Heart failure (%) 2336 (13.2) 3081 (12.7) 683 (13.3) 6100 (12.9) 0.17

Atrial fibrillation (%) 1321 (7.5) 1772 (7.3) 368 (7.2) 3461 (7.3) 0.7021

Cerebrovascular

disease (%)

454 (2.6) 530 (2.2) 107 (2.1) 1091 (2.3) 0.0174

Peripheral vascular

disease (%)

551 (3.1) 667 (2.7) 116 (2.3) 1334 (2.8) 0.0027

Chronic obstructive

pulmonary disease

(%)

1237 (7.0) 1476 (6.1) 210 (4.1) 2923 (6.2) <0.0001

Renal disease (%) 1033 (5.8) 1381 (5.7) 186 (3.6) 2600 (5.5) <0.0001

Cancer (%) 600 (3.4) 636 (2.6) 78 (1.5) 1314 (2.8) <0.0001

Dementia (%) 207 (1.2) 182 (0.7) 21 (0.4) 410 (0.9) <0.0001

Charlson Comorbidity

Index, mean (IQR)

3 (1–4) 2 (1–4) 2 (1–4) 3 (1–4) <0.001

Discharge diagnosis

NSTEMI (%) 1499 (8.5) 1454 (6.0) 203 (4.0) 3156 (6.7) <0.0001

STEMI and compli-

cations (%)

2780 (15.7) 3849 (15.8) 646 (12.6) 7275 (15.4) <0.0001

Unstable angina (%) 37 (0.2) 78 (0.3) 16 (0.3) 131 (0.3) 0.0891

Continued

800 S. Nandiwada et al.



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
with on-site PCI (Figure 2). Sensitivity analysis of patients receiving ex-
clusively non-invasive MV showed no significant volume mortality
relationships in the overall cohort or in either PCI-capable or aca-
demic hospital subgroups.

Secondary outcomes
The proportion of patients requiring prolonged (>96 h) MV in low-,
intermediate-, and high-volume CICUs was 29.2%, 23.0%, and 14.8%,
respectively. After multivariable adjustment, prolonged MV was
lower in high-volume (OR: 0.70, 95% CI 0.55-0.89, P = 0.003) com-
pared to low-volume centres. This relationship remained statistically
significant in the academic high-volume, PCI-capable intermediate-
volume and PCI-capable high-volume hospital subgroups.

CICU LOS was not significantly different in the overall cohort
or in the subgroup of academic centres; however, after multivari-
able adjustment, CICU LOS in PCI-capable centres was signifi-
cantly lower in intermediate- [relative difference (RD): -25.27 h,
95% CI -38.21 to -12.66 h, P < 0.001] and high-volume centres
(RD: -25.18 h, 95% CI -42.84 to -7.51 h, P = 0.005). Unadjusted
median hospital LOS in low-, intermediate-, and high-volume
CICUs were 12, 12, and 11 days, respectively (P < 0.0001). In the
overall cohort, as well as PCI-capable and academic subgroups,

adjusted point estimates for LOS in higher-volume centres were
not significantly different.

Discussion

In a national population-based analysis of Canadian CICU patients
receiving MV, we observed associations between MV institutional
volume and in-hospital mortality, CICU LOS, and duration of MV.
Unadjusted in-hospital mortality was reduced at annual institutional
volumes of >100, with no incremental improvement beyond 300
ventilated patients annually. In addition, the observed volume–mor-
tality relationship was stronger in academic and PCI-capable CICUs.

Our finding that higher institutional MV volumes are associated
with lower in-hospital mortality rates in the CICU is novel in this set-
ting, yet consistent with findings published in the medical and surgical
ICU literature. One large cohort study of 25 718 patients from 37
medical ICUs in the USA reported a significant volume-dependent
mortality reduction; after multivariable adjustment for clinical risk fac-
tors, annual MV volumes of >276 patients per year were associated
with lower mortality, compared to small-volume centres (<150
patients per year).14 Another study of 179 197 medical and surgical

..........................................................................................................

....................................................................................................................................................................................................................

Table 1 Continued

CICU MV volume Total (n 5 47 173) P-value

�100 (n 5 17 702) 101–300 (n 5 24 351) >300 (5120)

CAD and chest pain

(%)

680 (3.8) 5009 (20.6) 2012 (39.3) 7701 (16.3) <0.0001

Valve disease (%) 262 (1.5) 1292 (5.3) 717 (14.0) 2271 (4.8) <0.0001

Shock (%) 3898 (22.0) 5606 (23.0) 1056 (20.6) 10 560 (22.4) 0.0003

HF and cardiomyo-

pathies (%)

2570 (14.5) 2555 (10.5) 377 (7.4) 5502 (11.7) <0.0001

Cardiac arrest and

ventricular arrhyth-

mias (%)

796 (4.5) 961 (4.0) 110 (2.2) 1867 (4.0) <0.001

Supra ventricular

arrhythmias (%)

348 (2.0) 305 (1.3) 42 (0.8) 695 (1.5) <0.0001

Syncope and con-

duction disease (%)

390 (2.2) 345 (1.4) 49 (1.0) 784 (1.7) <0.001

Aortic and arterial

(%)

301 (1.7) 295 (1.2) 95 (1.9) 691 (1.5) <0.0001

Critical care therapies

Resuscitation (%) 2191 (12.4) 2524 (10.4) 343 (6.7) 5058 (10.7) <0.0001

Dialysis including

haemodialysis (%)

2327 (13.1) 3528 (14.5) 435 (8.5) 6290 (13.3) <0.0001

Catheterization (%) 4991 (28.2) 10 825 (44.5) 2417 (47.2) 18 233 (38.7) <0.0001

PCI (%) 2737 (15.5) 5116 (21.0) 893 (17.4) 8746 (18.5) <0.001

Catheterization or

PCI (%)

5223 (29.5) 11 070 (45.5) 2470 (48.2) 18 763 (39.8) <0.0001

Intra-aortic balloon

pump (%)

1028 (5.8) 2744 (11.3) 521 (10.2) 4293 (9.1) <0.001

CABG, coronary artery bypass grafting; CAD, coronary artery disease; CICU, cardiac intensive care unit; ED, emergency department; ED, emergency department; HF, heart fail-
ure; IQR, interquartile range; MV, mechanical ventilation; NSTEMI, non-ST-elevation myocardial infarction; PCI, percutaneous coronary intervention; SD, standard deviation;
STEMI, ST-elevation myocardial infarction.
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Table 2 Unadjusted outcomes by annual institutional volume of cardiac intensive care unit mechanical ventilation
volumes

CICU MV annual volume Total (n 5 41 473) P-value

�100

(n 5 17 702)

101–300 (n 5 24 351) >300 (n 5 5120)

In-hospital mortality 6357 (35.9) 7122 (29.2) 933 (18.2) 14,412 (30.6) <0.0001

Hospital LOS (days)

Mean (SD) 21.4 (34.4) 20.0 (29.9) 16.7 (21.6) 20.2 (31.0) <0.0001

Median (IQR) 12.0 (6.0–24.0) 12.0 (7.0–22.0) 11.0 (7.0–18.0) 12.0 (7.0–22.0) <0.0001

CICU LOS (h)

Mean (SD) 129.8 (171.4) 121.6 (169.2) 90.9 (100.2) 121.3 (164.4) <0.0001

Median (IQR) 85.0 (34.0–166.0) 79.0 (33.0–151.0) 66.0 (24.0–121.5) 79.0 (32.0–153.0) <0.0001

MV duration (>96 h) (%) 5161 (29.2) 5608 (23.0) 758 (14.8) 11,527 (24.4) <0.0001

CICU, cardiac intensive care unit; IQR, interquartile range; LOS, length-of-stay; MV, mechanical ventilation; SD, standard deviation.

....................................................................................................................................................................................................................

Table 3 Adjusted outcomes stratified by cardiac intensive care unit mechanical ventilation volumes in the overall co-
hort and hospital subtypes

Outcomes Group 1 Group 2 Group 3

Annual volume �100 Annual volume 101–300 Annual volume >300

Mortality Adjusted OR (95 % CI) Adjusted OR (95% CI) Adjusted OR (95% CI)

Overall cohort Ref 0.84 (0.72–0.97), P = 0.019 0.82 (0.66–1.02), P = 0.076

Academic Ref 0.81 (0.67–0.97), P = 0.023 0.80 (0.62–1.04), P = 0.10

Community Ref 0.99 (0.85–1.16), P = 0.93 a

PCI-capable Ref 0.80 (0.67–0.97), P = 0.019 0.79 (0.62–1.01), P = 0.064

Non PCI-capable Ref 0.92 (0.74–1.34), P = 0.42 a

Prolonged MV (>96 h) Adjusted OR (95% CI) Adjusted OR (95% CI)

Overall cohort Ref 0.85 (0.68–1.06), P = 0.14 0.70 (0.55–0.89), P = 0.003

Academic Ref 0.80 (0.63–1.03), P = 0.084 0.66 (0.52–0.84), P = 0.001

Community Ref 0.93 (0.64–1.34), P = 0.68 a

PCI-capable Ref 0.69 (0.58–0.82), P < 0.001 0.58 (0.48–0.71), P < 0.001

Non PCI-capable Ref 1.35 (0.90–2.04), P = 0.15 a

CICU LOS, h Adjusted risk difference (95% CI) Adjusted risk difference (95% CI)

Overall cohort Ref -9.69 (-28.27, 8.88), P = 0.31 -10.42 (-30.54, 9.70), P = 0.31

Academic Ref -18.37 (-39.23, 2.49), P = 0.084 -18.73 (-41.50, 4.05), P = 0.11

Community Ref 6.42 (-27.54, 40.37), P = 0.71 a

PCI-capable Ref -25.44 (-38.21, -12.66), P < 0.001 -25.18 (-42.84, -7.51), P = 0.005

Non PCI-capable Ref 32.75 (-7.18, 72.67), P = 0.11 a

Hospital LOS, h Adjusted risk difference (95% CI) Adjusted risk difference (95% CI)

Overall cohort Ref -0.87 (-2.71, 0.97), P = 0.36 -2.30 (-5.39, 0.78), P = 0.14

Academic Ref -1.35 (-3.36, 0.66), P = 0.19 -2.72 (-5.93, 0.48), P = 0.096

Community Ref 0.04 (-3.26, 3.35), P = 0.98 a

PCI-capable Ref -1.56 (-3.44, 0.32), P = 0.10 -2.88 (-5.95, 0.19), P = 0.066

Non PCI-capable Ref 1.20 (-1.97, 4.37), P = 0.46 a

Adjusted for age, sex, diabetes, hypertension, heart failure, myocardial infarction, atrial fibrillation, cerebrovascular disease, peripheral vascular disease, renal disease, cancer, de-
mentia, admission category (emergency department vs. transferred), discharge diagnosis-valvular heart disease, heart failure and cardiomyopathies, arrhythmia, conduction dis-
order, pericardial disease, aortic and arterial disease, shock, and critical care therapy-resuscitation, dialysis, catheterization or PCI, and MV type (invasive and non-invasive).
CI, confidence interval; CICU, cardiac intensive care unit; LOS, length of stay; MV, mechanical ventilation; OR, odds ratio; PCI, percutaneous coronary intervention; ref, refer-
ence group.
aThere were no community or non-PCI capable hospitals in the high-volume group.
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patients receiving MV in 294 French hospitals reported lower mortal-
ity in centres with the highest tertile of MV volumes (>282 patients/
year) compared to the lowest tertile (<99 patients/year). Notably,
not all studies have reported a significant volume–mortality relation-
ship. A retrospective cohort study using administrative data from 126
hospitals in Ontario, Canada, found no significant volume-dependent
change in the mortality of 13 846 medical and 6373 surgical ICU
patients receiving MV.15 The difference may be due to the exclusion
of patients receiving <48 h of MV which selects for patients at the
extremes of illness severity, potentially attenuating the volume–mor-
tality relationship.

In the present analysis, unadjusted in-hospital mortality rates
declined between MV volumes of 100–300 patients per year. We hy-
pothesize that this volume–mortality relationship is attributed to a
combination of provider-level experience and expertise, better ad-
herence of guideline-directed ventilatory/weaning parameters, or ac-
cess to multidisciplinary resources including unit-based respiratory
therapist or 24-h in-house staffing.1,14,17,19 PCI-capable CICUs dem-
onstrated a pronounced volume–mortality relationship. Given that
intermediate-volume CICUs have high proportions of patients admit-
ted with shock (23%), CAD (20.6%), and ST-elevation myocardial in-
farction with complications (15.8%), the availability of on-site PCI
may explain the amplification of the volume–mortality relationship
within this subgroup. The attenuation of this signal in high-volume
CICUs may be due to the smaller numbers of centres or the lack of
adjustment for clinical risk factors (higher clinical severity and variable
case mix) associated with high-volume CICUs.1,20 Future studies
should be directed at confirming this association in an external data-
set with more detailed haemodynamic and respiratory variables.

The association between MV volume and duration of MV has not
been previously characterized in the CICU population. A retrospect-
ive cohort study of 25 718 patients from 37 medical ICUs in the USA
by Kahn et al.14 reported unadjusted mean durations of MV of 3.1,
3.0, 3.6, and 4.5 days in centres with annual MV volumes of 87–150,
151–275, 276–400, and 401–617 patients, respectively. We observed
a volume-dependent reduction in the proportion of prolonged MV in
the overall cohort of high-volume centres and intermediate-volume

centres in the PCI-capable subgroup. Given that this relationship is
seen in high-volume academic and PCI-capable subgroups, we simi-
larly hypothesize that this may reflect differences in experience, pro-
tocols and staffing, while on-site PCI may help facilitate timely
revascularization and mitigate the additional time required for inter-
hospital transfer. Though the CIHI dataset does not contain these
variables, previously proposed Canadian CICU standard of care
benchmarks for level 1 CICUs have targeted implementation of
standardized multidisciplinary sedation, mobilization, and ventilatory
weaning protocols that have reduced duration of MV, critical care
LOS, and tracheostomy rates in the medical ICU population.21–25

Thus, lower rates of prolonged MV may be seen in larger volume
centres may represent the clustering of resources designed to care
for critically ill patients.21 These findings differ from those reported in
medical and surgical ICU populations.14 This discrepancy between
medical and surgical ICU literature and our findings in the CICU
population may be explained by the differences in the indications for
MV in the patient populations. One point-prevalence study of 412
medical and surgical ICUs found the leading indications for MV were
acute respiratory failure caused by sepsis (16%), pneumonia (16%),
post-operative respiratory failure (15%), chronic obstructive pul-
monary disease (13%), acute respiratory distress syndrome (12%),
and heart failure (12%).26 A prospective cohort study of 25 North
American CICUs found that patients most likely to require invasive
or non-invasive MV were those with admission diagnoses of cardio-
genic shock (46%), acute heart failure (39%), valvular heart disease
(27%), ventricular arrhythmias (35%), and general medical problems
(42%). Differences in the volume-duration of MV relationship be-
tween ICU and CICU populations may in part be explained by the
higher proportion of CICU patients requiring MV that can receive de-
finitive therapy at high-volume centres, which are more likely to be
PCI-capable.

Our population-based analysis of CICUs demonstrates lower in-
hospital mortality and rates of prolonged MV at annual MV volumes
>100 patients. Recognizing that in both cardiovascular and non-
cardiovascular medical, surgical and emergency care studies, provider
and hospital volumes have been consistency associated with
improved patient outcomes , 27–31 these results suggest annual insti-
tutional volumes of >100 may be a minimum benchmark for MV in
CICUs to promote quality care, supporting the developed of regional
systems of cardiovascular critical care with a ‘spoke-and-hub’
model.21,32 Given the importance of properly understanding cardio-
pulmonary interactions in patients with cardiovascular disease under-
going MV, centralization of the care of high-risk patients with cardiac
disease and respiratory failure into higher volumes CICUs with the
staffing and multidisciplinary resources for comprehensive care may
lead to improved patient outcomes, a reduction in complications
associated with MV, and subsequent healthcare resource use; though
we acknowledge the need for external validation of these findings.

Limitations
Limitations of this observational analysis include the lack of granular
clinical information including haemodynamic, laboratory, MV param-
eter data, intensive care acuity scores, and the potential for residual

Figure 2 In-hospital-mortality in in low-, medium-, and high-vol-
ume cardiac intensive care units stratified by percutaneous coronary
intervention-capability and hospital type. PCI, percutaneous coron-
ary intervention.
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.
confounding. In addition, practitioner differences including training,
specialty, or individual MV case volumes were not captured in this
population-based dataset. Finally, information on hospital staffing
models and MV protocols were not available.

Conclusions

Our population-based analysis of Canadian CICUs demonstrates
higher annual institutional MV volumes were significantly associated
with lower in-hospital mortality and rates of prolonged MV.
Moreover, point estimates were lower in the subgroup of PCI-
capable and academic institutions. These data, pending future valid-
ation, suggest that annual institution MV volume of >100 MV per year
may be a minimum quality benchmark for CICUs caring for patients
with respiratory failure. Moreover, these data may help to inform the
future design of regional system of cardiac critical care to ensure the
care of patients requiring MV is centralized in high-volume centres.

Supplementary material

Supplementary material is available at European Heart Journal: Acute
Cardiovascular Care online.
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