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Abstract

Background: Pregnancy-related critical illness results in approximately 300,000 deaths globally each year. The
objective was to describe the variation in ICU admission and the contribution of patient- and hospital-based factors
in ICU admission among acute care hospitals for pregnant and postpartum women in Canada.

Methods: A nationwide cohort study between 2004 and 2015, comprising all pregnant or postpartum women
admitted to Canadian hospitals. The primary outcome was ICU admission. Secondary outcomes were severe
maternal morbidity (a potentially life-threatening condition) and maternal death (during and within 6 weeks after
pregnancy). The proportion of total variability in ICU admission rates due to the differences among hospitals was
described using the median odds ratio from multi-level logistic regression models, adjusting for individual hospital
clusters.

Results: There were 3,157,248 identifiable pregnancies among women admitted to 342 Canadian hospitals. The
overall ICU admission rate was 3.2 per 1000 pregnancies. The rate of severe maternal morbidity was 15.8 per 1000
pregnancies, of which 10% of women were admitted to an ICU. The most common severe maternal morbidity
events included postpartum hemorrhage (n = 16,364, 0.52%) and sepsis (n = 11,557, 0.37%). Of the 195 maternal
deaths (6.2 per 100,000 pregnancies), only 130 (67%) were admitted to ICUs. Patients dying in hospital, without
admission to ICU, included those with cardiovascular compromise, hemorrhage, and sepsis. For 2 pregnant women
with similar characteristics at different hospitals, the average (median) odds of being admitted to ICU was 1.92 in 1
hospital compared to another. Hospitals admitting the fewest number of pregnant patients had the highest
incidence of severe maternal morbidity and mortality. Patient-level factors associated with ICU admission were
maternal comorbidity index (OR 1.88 per 1 unit increase, 95%Cl 1.86-1.99), urban residence (OR 1.09, 95%Cl 1.02—
1.16), and residing at the lowest income quintile (OR 1.44, 95%C| 1.34-1.55).

Conclusions: Most women who experience severe maternal morbidity are not admitted to an ICU. There exists a
wide hospital-level variability in ICU admission, with patients living in urban locations and patients of lowest
income levels most likely to be admitted to ICU. Cardiovascular compromise, hemorrhage, and sepsis represent an
opportunity for improved patient care and outcomes.
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Introduction

There are approximately 300,000 maternal deaths in the
world annually [1], and in a recent population-based
study, we have highlighted 18 episodes of severe mater-
nal morbidity (i.e., a potentially life-threatening condi-
tion) per 1000 deliveries in Canada, increasing 1.3%
annually for the last one decade [2]. However, severe
maternal morbidity can often be anticipated according
to known maternal risk factors, and outcomes possibly
improved with early recognition and timely supportive
acute and intensive care [3—8].

Variability in both recognition of critical illness and
access to intensive care units (ICUs) influences the risk
of death in many critical care syndromes [9, 10]. For ex-
ample, sociodemographic-based variation and health
care provider volume of experience have been shown to
be important determinants of outcome for patients with
acute lung injury, ischemic cardiac disease, and trau-
matic injury [11-14]. We therefore aimed to describe
variation in care for acutely ill pregnant and postpartum
women in Canada—a country with a vast geography and
provincially administered health care—and to investigate
the relationship between patient factors and hospital-
based variability in ICU admission practices and clinical
outcomes.

Methods

Study design, data sources, and population

We conducted a nationwide population-based cohort
study in Canada spanning the years from 2004 to 2015,
using data from the Discharge Abstract Database (DAD)
of Canadian Institute of Health Information (CIHI),
which includes information from every admission to
acute care hospitals across Canada, except the province
of Quebec, which maintains a separate database.

Patients in this cohort were hospitalized pregnant and
postpartum women within 6 weeks after the end of preg-
nancy, including hospitalized women with abortion or
ectopic pregnancy. Available variables from the DAD in-
cluded the following: age, DAD-derived variables (socio-
economic status, comorbid conditions as classified by
the International Classification of Diseases and Related
Health Problems-Tenth Revision, Canada [ICD-10-CA],
interventions and procedures occurring in hospital as
determined by the Canadian Classification of Health In-
terventions  [CCI]),  pregnancy-specific  variables,
hospital-level variables, and patient outcomes such as
ICU admission, vital status at hospital discharge, and
events allowing determination of severe maternal mor-
bidity (Additional file 1: Table S1).

The dataset (the DAD of CIHI) has been well-
validated in a number of prior studies [15-20]. In
addition, the institute annually reports data quality
documentation, to have transparency of data quality. An
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episode of pregnancy was created as previously described
[2], so that all related admissions over one pregnancy
course could be summarized into one pregnancy
episode.

Outcomes

The primary outcome was admission to ICU which in-
cluded all admissions to CIHI-derived intensive (special)
care units, including “step-up”/“step-down” ICUs [21].
Secondary outcomes included a modified Canadian def-
inition of severe maternal morbidity and maternal death
[22, 23]. In order to improve the specificity of the out-
come of severe maternal morbidity for this analysis, the
definition was modified to exclude events consisting only
of a blood transfusion and diagnoses reflecting only pre-
existing conditions such as HIV, chronic congestive fail-
ure, chronic hypertension, and those with an admission-
related (as opposed to outcome-related) specific diagno-
sis [e.g., asthma, placenta previa, severe pre-eclampsia,
or sickle cell anemia] [2, 8, 22]. Maternal death was de-
fined as death occurring during pregnancy or within 6
weeks after the end of the pregnancy.

Predictors
A hospital-level predictor was created to represent
pregnancy-related admission volumes at each hospital.
First, hospitals with fewer than 55 deliveries over the
study period (approximately corresponding to fewer than
5 deliveries per year) were excluded using a commonly
applied principle of limiting analyses and inferences
about data containing fewer than 5 observations in a
particular time period (in this case, 1 year). Next, hos-
pital quintiles were created according to pregnancy ad-
mission volume at each hospital. Other ordinal
predictors (e.g., 5 groups according to ICU admission
rate and 5 groups according to the annual number of
pregnancy admissions at each hospital) were created in
order to perform hospital-related sensitivity analyses.
Comorbid conditions necessary for determining the
maternal comorbidity index (MCI) were recorded for
each patient, as we have previously determined it to be
the most valid risk adjustment tool using health admin-
istrative data for hospitalized pregnant and postpartum
women [24, 25]. The index ranges from 0 to 45, exclud-
ing the age-related variable. Age was removed from the
index because the age of the index does not include age
younger than 35 years, but age and the index were separ-
ately entered into the model. Since six conditions of the
maternal comorbidity index had potential overlap with
severe maternal morbidity outcome conditions, only the
pre-existing conditions were included in the maternal
comorbidity index, and those occurring after pregnancy
onset were considered as outcomes for severe maternal
morbidity, to ensure a valid temporal relation [2].
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Statistical analyses

We used the mean and standard deviation or median
and interquartile range to summarize continuous vari-
ables, and counts and proportions to describe categorical
variables, as appropriate. Standardized differences were
employed to compare those who required ICU admis-
sion with those who did not, where 0.2, 0.4, and 0.6
standardized differences were generally equated to small,
medium, and large effect sizes, respectively [26]. All vari-
ables were screened on the basis of standardized differ-
ence and selected for regression models if the
standardized difference was greater than 0.1, in addition,
to an a priori decision to include the urban or rural loca-
tion of patient residence and hospital location. To de-
velop random intercept logistic regression models with
patient and hospital levels, first, we explored an
intercept-only model predicting the outcome of ICU ad-
mission with each hospital considered as a cluster
(representing differences in ICU admission rates among
various hospitals). Then, we added patient-level variables
to the intercept-only model and finally hospital-level
variables [27, 28].

We used the median odds ratio (MOR) to represent
the variability of the outcome (e.g., ICU admission)
among the hospital clusters of interest [27, 29]. For ex-
ample, when the MOR =2, it means that for two preg-
nant women with the same characteristics, the odds of
being admitted to ICU may be twofold higher in one
randomly selected hospital compared to another ran-
domly selected hospital from a different cluster when
the clusters were ordered by risk. The MOR was com-

puted from the following equation: MOR = exp(0.675

X /2 x hospital-level variance, where the hospital-level
variance of the parameter estimate (i.e., ) is derived
from the random intercept model. Interval odds ratio-80
(IOR-80) was used to quantify the impact of a variable at
the hospital cluster-level on the outcome (e.g., ICU ad-
mission) by incorporating between-cluster variability [27,
29]. IOR-80 covers 80% of the distribution of the odds
when comparing two subjects with the same value for all
other covariates, but in two different hospitals where
hospital-level characteristics may differ. We calculated
the lower and upper bounds of the IOR-80 from the fol-

IORower = exp(B-1.2816
x /2 x hospital-level variance) and IORpper = exp(f

+1.2816 x \/ 2 x hospital-level variance), where f8 is the
regression coefficient for the hospital level. Note that the
IOR does not describe the interval around a MOR; in-
stead, the IOR reflects the size and variation of the odds
ratios at the hospital level. If the IOR-80 is wide, it im-
plies high variability in the outcome among hospitals
compared to the effect of the cluster level variable. If the
interval of IOR-80 crosses 1, it infers that a variable at

lowing equations:
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the hospital cluster level is likely not significantly associ-
ated with the outcome. Finally, the variance partitioning
coefficient (VPC) represents the proportion of total vari-
ability in the outcome (e.g., ICU admission rates) due to
the differences among hospital clusters. For multi-level
logistic regression models, VPC is computed from the
following equation: VPC = hospital-level variance/(hos-
pital-level variance + 3.29) [30].

Sensitivity analyses
Two pre-planned sensitivity analyses were conducted. First,
we explored the association of hospital volume of
pregnancy-related admissions as a hospital-level ordinal vari-
able comprised of five categories, on the outcome of ICU
admission. In the second sensitivity analysis, we restricted
the primary outcome of ICU admission to only admissions
to the highest acuity ICUs, excluding step-up/down units.
The third, post hoc, sensitivity analysis was performed
where all analyses were redone using multiple imputation
datasets, given the rate of missing data in variables reflect-
ing socioeconomic status (Table 1). Missing variables were
assessed based on an algorithm reported elsewhere, to de-
termine characteristics of missingness (i.e., missing com-
pletely at random, missing at random, or missing not at
random) [31]. We used listwise deletion (entire record ex-
cluded from analysis if any single value is missing) for the
primary analysis. This method is valid if the data is missing
completely at random [32]. As a sensitivity analysis, to in-
vestigate the influence of data missing not completely at
random, we performed multiple imputation using the fully
conditional method with 20 imputed datasets [33, 34]. We
imputed missing variables using a fully conditional specifi-
cation and the discriminant function method to impute the
categorical variables: income quintile (14.0% missing), resi-
dence rurality (0.7% missing), and hospital rurality (0.6%
missing). We created the 20 multiply imputed datasets as
this generally provides good efficiency of the parameters
(ie., smaller standard error of the point estimates), in
addition to sufficient power to detect differences [35-37].
All analyses were performed using SAS statistical soft-
ware, version 9.4 (SAS Institute Inc., Cary, NC) and
Excel for Macintosh, version 15.3.9 (Microsoft Corpor-
ation, Redmond, WA). All analyses were completed on
September 13, 2018. This study was conducted under
the data security and privacy policy of CIHI and ap-
proved by the institutional review board at Mount Sinai
Hospital in Toronto, Canada (10-0305-C) and University
of Toronto (#34468).

Results

Incidence and clinical characteristics of pregnancy-related
ICU admissions in Canada

During the study period, there were 3,162,303 pregnan-
cies among 2,035,453 mothers, resulting in 10,204 ICU
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Table 1 General characteristics of pregnant and postpartum women according to whether admitted to ICU or not

Pregnancies with ICU admission* (n=10,  Pregnancies without ICU admission* (n=3,152,  Standardized

204) 099) difference’

Delivery admissions 9001 (88.2%) 3,020,112 (95.8%) -0.28
Antepartum admissions 2596 (25.4%) 250,372 (7.9%) 048
Postpartum admissions 2583 (25.3%) 58,652 (1.9%) 0.73
Abortions or ectopic pregnancy-related 918 (9.0%) 107,097 (3.4%) 0.23
admissions
Age (years) (mean + SD) 305+63 295+56 0.16

<15 8 (0.08%) 1191 (0.04%) 0.22

15-19 475 (4.7%) 136,868 (4.3%)

20-24 1365 (13.5%) 480,141 (15.3%)

25-29 2491 (24.6%) 913,371 (29.0%)

30-34 3042 (30.0%) 1,006,926 (32.0%)

35-39 2026 (20.0%) 500,255 (15.9%)

40-44 653 (6.4%) 102,423 (3.2%)

45+ 81 (0.8%) 5932 (0.2%)
Gestational week at delivery admission (weeks) 360147 387425 -072
Maternal comorbidity index 1.62 £2.06 047 £0.84 073
Live birth 9005 (88.2%) 3,020,305 (95.8%) -028
Singleton birth 8535 (83.6%) 2,970,321 (94.2%) —-034
Twin birth 484 (4.7%) 51,029 (1.6%) 0.18
> Triplet birth 17 (0.2%) 1780 (0.06%) 0.03
Parity 0.17

0 6598 (64.7%) 1,829,634 (58.0%)

1 1939 (19.0%) 818,031 (26.0%)

2+ 1667 (16.3%) 504,434 (16.0%)
Residence rurality (0.7% missing) - 001

Urban 8225 (81.2%) 2,559,659 (81.8%)

Rural 1907 (18.8%) 568,117 (18.2%)
Residence income quintile (14.0% missing) 0.11

Quintile 1 (lowest) 2603 (29.3%) 684,917 (25.3%)

Quintile 2 1929 (21.7%) 571,796 (21.1%)

Quintile 3 1659 (18.7%) 523,475 (19.3%)

Quintile 4 1485 (16.7%) 493,408 (18.2%)

Quintile 5 (highest) 1212 (13.6%) 435,658 (16.1%)
Hospital rurality (0.6% missing) -001

Urban 9917 (97.8%) 3,066,345 (97.9%)

Rural 224 (2.2%) 66,429 (2.1%)
Delivery mode

Vaginal 2148 (21.0%) 2,157,286 (68.4%) -1.08

Cesarean section 4425 (43.4%) 817,172 (25.9%)
Transfer to another institution for acute care 1594 (15.6%) 38,350 (1.2%) 0.54
Readmission 1381 (13.5%) 42,338 (1.3%) 048
Province or territory of admission

Newfoundland and Labrador 260 (2.5%) 51,481 (1.6%) 0.25

Prince Edward Island 39 (0.4%) 15,410 (0.5%)

Nova Scotia 226 (2.2%) 95,713 (3.0%)

New Brunswick 298 (2.9%) 80,163 (2.5%)

Ontario 5967 (58.5%) 1,524,080 (48.3%)
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Table 1 General characteristics of pregnant and postpartum women according to whether admitted to ICU or not (Continued)

Pregnancies with ICU admission* (n =10,

Pregnancies without ICU admission* (n=3,152,  Standardized

204) 099) difference’
Manitoba 376 (3.7%) 181,367 (5.7%)
Saskatchewan 494 (4.8%) 158,537 (5.0%)
Alberta 1177 (11.5%) 553,741 (17.6%)
British Columbia 1308 (12.8%) 473,437 (15.0%)
Territories 59 (0.6%) 18,170 (0.6%)

Severe maternal morbidity (any versus none) 5017 (49.2%) 44,995 (1.4%) 1.31
0 (number of severe maternal morbidity 4588 (45.0%) 3,106,352 (98.5%) 148
events)

1 2616 (25.6%) 41,884 (1.3%)
2 1351 (13.2%) 2890 (0.09%)
3 719 (7.0%) 625 (0.02%)
24 930 (9.1%) 348 (0.01%)

Length of hospital stay (days) 11.1+164 27+33 0.71

Hospital mortality during episode of pregnancy 130 (1.3%) 65 (0.00%) 0.16

care

Hospital group according to hospital volume of pregnancy
1 (lowest volume) 204 (2.0%) 19,476 (0.6%) 0.15
2 203 (2.0%) 66,352 (2.1%)

3 818 (8.0%) 211,392 (6.7%)
4 2165 (21.2%) 598,849 (19.0%)
5 (highest) 6814 (66.8%) 2,255,530 (71.6%)

*Data are presented as mean + SD, median [interquartiles] or %

*Standardized difference = difference in means or proportions divided by standard error. Standardized mean differences of 0.2, 0.5, and 0.8 are often/generally

equated to effect sizes of small, medium, and large, respectively

admissions (3.2 cases per 1000 pregnancies) with re-
gional variation (Fig. 1, Table 1). There were 50,012
severe maternal morbidity events (15.8 women with
a severe maternal morbidity event per 1000 pregnan-
cies), with 5017 (0.16% overall and 10.0% of those
with severe maternal morbidity) pregnant women ad-
mitted to ICU (Tables 1 and 2.). A minority of pa-
tients experiencing severe maternal morbidity were
admitted to ICU (Additional file 2: Table S2, Add-
itional file 3: Table S3). During the study period,
there were 195 maternal deaths (6.2 per 100,000
pregnancies (maternal mortality rate 0.01%)); how-
ever, only 130 (67%) of these patients were admitted
to an ICU prior to death (Table 2). After excluding
hospitals with, on average, fewer than 5 deliveries
per year, the study cohort consisted of 3,157,248
pregnancies among 342 hospitals (Additional file 4:
Table S4, Additional file 5: Table S5).

Patients admitted to an ICU had a higher pre-existing
maternal comorbidity index and a resulting greater bur-
den of severe maternal morbidity (Table 1). Among all
severe  maternal morbidity events, postpartum
hemorrhage requiring transfusion and sepsis were the
most common (Table 2). Among patients admitted with
acute respiratory distress syndrome, cerebral edema or
coma, eclampsia, or sepsis, only 76.2%, 57.8%, 21.5%,

and 4.7%, respectively, were admitted to ICU. Patients
dying in hospital, without admission to ICU, included
among others those with some form of cardiovascular
compromise (56 patients: obstetric embolism, myocar-
dial insufficiency, or shock), hemorrhage (8 patients),
and sepsis (3 patients) (Additional file 6: Table S6).

Hospital volume of pregnancy admission

We created 5 hospital groupings according to the
volume of pregnancy admissions during the study
period. Hospitals admitting the fewest number of
pregnant patients had the highest incidence of severe
maternal morbidity (20 cases per 1000 pregnancies)
and had the highest maternal mortality (40 cases per
100,000 pregnancies) (Additional file 4: Table S4),
despite having similar pre-existing comorbidities.
Hospitals admitting the fewest number of pregnant
patients were also more likely to be in rural areas
and had a higher proportion of patients in lower in-
come quintiles. There were geographic differences in
the proportion of pregnancies admitted at low-to-
high-volume hospitals, with Ontario having the
greatest proportion of pregnant women admitted to
high-volume hospitals (Additional file 4: Table S4,
Additional file 5: Table S5).
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Multi-level logistic regression models

The following were entered into the multi-level lo-
gistic regression models: patient-level variables (age,
maternal comorbidity index, parity, residence loca-
tion, transfer status for admission) and hospital-level
variables (pregnancy-related admission volume, prov-
ince and territories, hospital location) (Table 3, Add-
itional file 1: Table S1, Additional file 7: Table S7).
Independent patient-level factors associated with
ICU admission included maternal comorbidity index
(1.88, 95%CI 1.86-1.99), urban residence (1.09,
95%CI 1.02-1.16), and lower incomes. The lower in-
come they had, the higher risk of admitting to ICU
(i.e., the lowest income had the highest risk of ICU
admission: 1.43 with 95%CI 1.33-1.54). Hospital-
level factors associated with ICU admission included
specific provinces (Table 3, Additional file 1: Table
S1, Additional file 7: Table S7).

Variability

Although the overall ICU admission rate was 3.2 cases
per 1000 pregnancies, the range in ICU admission vari-
ability among all hospitals was wide—from 0 to 500
cases per 1000 pregnancies (Additional file 4: Table S4).
There was a minimal variability in ICU admission rate at
the provincial level (Additional file 5: Table S5). Using
the median odds ratio, for 2 pregnant women with simi-
lar characteristics at different hospitals, the average (me-
dian) odds of being admitted to ICU was 1.92 in 1
hospital compared to another (Additional file 7: Table
S7). The proportion of variability in ICU admission due
to hospital-level factors, as denoted by the variance par-
titioning coefficient, was 33.3%, with substantial vari-
ation in the odds of ICU admission across hospitals
(Additional file 7: Table S7). Furthermore, ICU admis-
sion rate for postpartum readmissions was relatively high
(36.5 per 1000 pregnancies) in comparison with other
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Table 2 Severe maternal morbidity diagnoses: all patients with severe maternal morbidity, those admitted to ICU, and those dying

Individual indicator of several No. (%) of patients with the individual No. (%) of patients with an ICU No. (%) of deaths among
maternal morbidity severe maternal morbidity indicator among  admission with the individual patients with the individual
the 50,012 severe maternal morbidity events severe maternal morbidity severe maternal morbidity

indicator indicator

Postpartum hemorrhage or 16,364 (0.52) 1991 (12.71) 42 (0.26)

transfusion

Sepsis 11,557 (0.37) 548 (4.74) 21 (0.18)

Myocardial infarction, failure, 4483 (0.14) 1041 (23.22) 101 (2.25)

arrest, or pulmonary edema

Placental or uterine abruption 3758 (0.12) 285 (7.58) 12 (0.32)

and hemorrhage

Embolization, ligation of pelvic 3015 (0.10) 593 (19.67) 6 (0.20)

or uterine vessels due to

hemorrhage

Subtotal open hysterectomy 2868 (0.09) 347 (12.10) 11 (0.38)

Eclampsia 2170 (0.07) 467 (21.52) 3(0.14)

Mechanical ventilation 2099 (0.07) 1933 (92.09) 115 (5.48)

Repair of the bladder, urethra, or 2052 (0.06) 64 (3.12) 1 (0.05)

intestine

Hysterectomy and postpartum 1561 (0.05) 728 (46.64) 16 (1.02)

hemorrhage

Obstetric embolism 1404 (0.04) 268 (19.09) 34 (242)

Placenta previa with hemorrhage 1343 (0.04) 238 (17.72) 4 (0.30)

or blood transfusion

Acute renal failure 1116 (0.04) 443 (39.70) 45 (4.03)

Obstetric shock 1124 (0.04) 533 (47.42) 38 (3.38)

Cardiomyopathy in the 1058 (0.03) 395 (37.33) 9 (0.85)

puerperium

Evacuation of incisional 1037 (0.03) 47 (453) 0 (0)

hematoma

Total open hysterectomy 822 (0.03) 387 (47.08) 13 (1.58)

Acute abdomen 790 (0.02) 77 (9.75) 3(0.38)

Intrapartum hemorrhage and 736 (0.02) 135 (18.34) 7 (0.95)

blood transfusion

Cesarean hysterectomy 724 (0.02) 186 (25.69) 4 (0.55)

Acute psychosis 694 (0.02) 16 (2.31) 0(0)

Pulmonary, cardiac, and central 390 (0.01) 67 (17.18) 3(0.77)

nervous system complications of

anesthesia

Cerebrovascular diseases: 331 (0.01) 166 (50.15) 30 (9.06)

subarachnoid and intracranial
hemorrhage, cerebral infarction,

stroke

Disseminated intravascular 281 (0.01) 192 (68.33) 14 (4.98)
coagulation

Adult respiratory distress 252 (0.01) 192 (76.19) 12 (4.76)
syndrome

Dialysis 202 (0.01) 128 (63.37) 22 (10.89)
Hepatic failure 114 (0.00) 53 (46.49) 14 (12.28)
Cerebral venous thrombosis 111 (0.01) 29 (26.13) 3(2.70)
Sickle cell anemia with crisis 111 (0.01) 8 (7.21) 0 (0)
Status epilepticus 101 (0.00) 43 (42.57) 0 (0)
Status asthmaticus 76 (0.00) 6 (7.89) 1(1.32)
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Table 2 Severe maternal morbidity diagnoses: all patients with severe maternal morbidity, those admitted to ICU, and those dying

(Continued)

Individual indicator of several
maternal morbidity

No. (%) of patients with the individual

severe maternal morbidity indicator among
the 50,012 severe maternal morbidity events

No. (%) of patients with an ICU
admission with the individual
severe maternal morbidity

No. (%) of deaths among
patients with the individual
severe maternal morbidity

indicator indicator
Coma 64 (0.00) 37 (57.81) 6 (9.38)
Death’ 41 (0.00) 8(19.51) 16 (39.02)

Categories are not mutually exclusive

fOverall number of death (any causes) was 195 (0.01%), and 130 patients (66.67%) were admitted to ICU

periods of admissions, and ICU admission among
abortion-related admissions had the highest variability
(median odds ratio, 2.21) (Additional file 8: Table S8).

Sensitivity analyses

All primary and secondary results were similar in sensi-
tivity analyses, employing the number of pregnancy-
related hospital admission in continuous variable (Add-
itional file 9: Table S9), considering only the highest acu-
ity ICUs (Additional file 10: Table S10), and using
multiple imputation datasets to account for missing data
(Additional file 11: Table S11).

Discussion

In this study, we found that only 10% of the 15.8 women
per 1000 pregnancies in Canada who experience a severe
maternal morbidity event and only two thirds of the 6.2
women who die per 100,000 pregnancies are admitted to
ICU. We also found wide hospital-level variability in
ICU admission practices. Patients living in urban settings
and of lower socioeconomic status were more likely to
be admitted to ICU (Table 4).

Discovering variability in clinical practice for pregnant
and postpartum women is important as it presents an
opportunity for improved quality of care. For example,
identifying large variability in preoperative medical con-
sultation has led to efforts to improve perioperative
anesthetic care [38]. Systematic literature search has re-
vealed that ours is the first population-based study to
examine the variability of the care of critically ill preg-
nant and postpartum Canadian women and highlights
modifiable factors in ICU admission practices (Table 5,
Additional file 12: Table S12). Prior population-based
studies of pregnancy-related ICU admissions in addition
to ours show variability in ICU admission rates among
identified countries, ranging from 3.2 to 39 per 1000
pregnancies (Table 5) [3, 39—42]. While greater maternal
comorbidity was associated with increasing likelihood of
ICU admission, a minority of patients with sepsis and
eclampsia were admitted to ICU. It may be due to early
recovery from a sick condition after the delivery in case
delivery was the first step of management and/or differ-
ent pathway of patient care for pregnant women. In
other words, first being admitted to obstetrical general

wards may delay an acute care. Although only two thirds
of all women who subsequently died were admitted to
ICU, some conditions of severe maternal morbidity (e.g.,
obstetric embolism) and subsequent death could occur
very quickly and limit the potential for ICU admission
(Additional file 6: Table S6), which were indicated by an
additional analysis of maternal death without ICU ad-
mission (Additional file 13: Table S13). Maternal death
without ICU admission happened to those who were less
sick (i.e., less maternal comorbidity index) at the time of
hospital admission and less likely to transfer to another
institution for acute care, but more likely to develop a
life-threatening condition (ie., severe maternal morbid-
ity) in urban hospitals, compared to maternal death with
ICU admission. There were 15 maternal deaths in oper-
ating rooms without ICU admission, related to postpar-
tum hemorrhage and obstetric embolism. On the other
hand, our results found that other conditions that pro-
gress more slowly may inherently have a greater time
period for clinicians to consider admission to ICU, and
hence a greater potential for intervention and improved
outcomes (e.g., sepsis) through quality improvements of
implementation of sepsis bundles, for example [43].
These findings highlight a potential opportunity for earl-
ier recognition by clinicians for women at risk and earl-
ier recognition of the onset of critical illness. More
practically, in comparison with MCI =0, increasing ma-
ternal comorbidity index has higher odds of admitting to
ICU (index =1, odds ratio (OR) 1.90, 95%CI 1.79-2.02;
index =2 or higher, OR 8.67, 95%CI 8.24-9.12) (Add-
itional file 14: Table S14). Our findings also have rele-
vance to policymakers. Women living in rural and
resource-limited locations may experience the greatest
risk [2], highlighting additional opportunities for identifi-
cation of those at risk, with potential solutions of a lower
threshold for consultation, referral and increased fre-
quency of follow-up care, outreach of tele-medicine [44,
45], ease of transportation for mothers to specialist care,
and/or consideration of a mobile ICU to resource-
limited hospitals [46].

Strengths and weaknesses of the study
Our study has several strengths. First, this is the first
study based upon a nationwide cohort to explore
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Table 3 Estimated odds ratios for multi-level logistic regression
model for intensive care unit admission

Variable

Patient variables

Odds ratio (95%Cl)

Maternal comorbidity index 1.88 (1.86-1.99)

Age (years)

<15 1.73 (0.76-3.91)
15-19 1.11 (1.00-1.25)
20-24 Reference
25-29 1.04 (0.97-1.12)
30-34 1.19 (1.11-1.28)
35-39 149 (1.38-1.61)
40-44 222 (2.00-2.48)
> 44 291 (2.24-3.78)
Parity 0.78 (0.76-0.81)
Residence (urban/rural) 1.09 (1.02-1.16)

Transfer between hospitals 13.94 (12.1-13.83)

Income quintile

1 (lowest) 144 (1.34-1.55)
2 1.28 (1.20-1.39)
3 1.20 (1.10-1.28)
4 1.12 (1.03-1.21)
5 (highest) Reference

Hospital variables
Hospital (urban versus rural) 1.30 (0.94-1.79)
Groups according to hospital volume of pregnancy

1 (lowest volume) 1294 (12.10-13.83)

2 Reference

3 1.36 (1.00-1.86)
4 1.51 (1.10-2.07)
5 (highest volume) 1.32 (0.96-1.80)

Province

Newfoundland and Labrador 1.20 (0.76-1.89)
Prince Edward Island 0.50 (0.18-1.39)
Nova Scotia 0.70 (0.44-1.13)
New Brunswick 0.64 (041-1.02)
Ontario Reference
Manitoba 032 (021-048
Saskatchewan 0.60 (0.41-0.87
Alberta

British Columbia 0.48 (0.37-0.62

)
)
0.35 (0.27-0.46)
)
037 (0.11-1.23)

Territories

hospital variability of pregnancy-related ICU admission
using multi-level logistic regression models accounting
for hospitals as clusters. Second, we adopted the per-
spective of an episode of care, to account for the entire
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Table 4 Box summary of key points

Question

- Is there variability of ICU admission practices for pregnant and
postpartum women in Canadian hospitals and what is the association
between patient and hospital characteristics and ICU admission
practices?

Findings

« In this nationwide population-based cohort study of 342 acute care
hospitals with 3.1 million pregnancies in Canada, there were 3.2 ICU
admissions per 1000 pregnancies with provincial variation.

- More comorbidities, urban residence, and lower incomes were
associated with ICU admission.

+ In comparison with the maternal comorbidity index = 0, increasing
maternal comorbidity index has higher odds of admitting to ICU
(index =1, odds ratio 1.90; index =2 or higher, odds ratio 8.67).

- Median odds ratio of ICU admission among Canadian pregnant
women was 1.92, which demonstrated for two pregnant women with
similar characteristics at different hospitals; the median odds of being
admitted to ICU in one hospital compared to another was 1.92.

- Given the fact that only two thirds of all women who subsequently
died were admitted to ICU, these happened to those who were less
sick at the time of hospital admission and less likely to transfer to
another institution for acute care, but more likely to develop a life-
threatening condition in urban hospitals, compared to maternal death
with ICU admission.

Meaning

- There is a substantial variability in admission patterns to intensive care
for pregnant and postpartum women in Canadian hospitals.

pregnancy and postpartum course rather than one ad-
mission allowing use to determine outcomes from the
entire pregnancy instead of outcomes relating to individ-
ual hospital admissions. Third, the maternal comorbidity
index was well-validated risk adjustment tool in the
DAD of CIHI, to account for known risk factors of ma-
ternal death and organ injury [24, 25, 47]. Fourth, mater-
nal age younger than 20 years old and over 35 years old
was associated with maternal mortality, and hence prop-
erly adjusted in our analyses [8]. Fifth, we employed the
best risk adjustment tool for our dataset among existing
risk prediction models including ICU admission scores
[24, 48] and ensured a valid temporal relationship be-
tween the MCI and severe maternal morbidity/ICU ad-
mission. Last, we have used existing and well-validated
health administrative datasets to describe pregnancies as
well as ICU practice across diverse regions and over time
[15-20].

This study also has limitations. First, certain variables
that may be influential for maternal outcomes were un-
available in our dataset, for example, patient characteris-
tics such as body mass index and pregnancy-associated
factors such as the use of assisted reproductive technol-
ogy, among others. However, obesity did not remain in
the maternal comorbidity index to account for maternal
death and organ injury during the original development
[47]. Even among available variables, and considering pa-
tient and hospital factors, our predictive models for ICU
admission do not explain all variability, highlighting the
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Table 5 Research in context. Population-based studies of pregnancy-related ICU admissions

Studies Study  Study No. of pregnancy-  ICU admission Mortality (per 100,000 cases) Variability of ICU
period  sites related ICU rate admission rate among
(country)  patients hospitals
Harrison 1995—- UK 1902 9.0 per 1000  Hospital mortality (26 per 100,000 all ICU admissions,  Not described
2005 2003 ICU 3049 per 100,000 pregnancy-related ICU admissions)
admissions
Madan 1997- NJ, USA 15447 154 per 1000  Hospital mortality (12 per 100,000 pregnancies, 149 Not described
2009 2005 pregnancies  per 100,000 pregnancy-related ICU admissions)
Wanderer 1999- MD, USA 2927 4.1 per 1000 Hospital mortality (7.6 per 100,000 pregnancies, 1810  Not described
2013 2008 pregnancies  per 100,000 pregnancy-related ICU admissions)
Chantry 2006- France 11,824 3.6 per 1000 ICU mortality (4.7 per 100,000 pregnancies, 1294 per  Not described
2015 2009 pregnancies 100,000 pregnancy-related ICU admissions)
Qud 2017 2001- TX, USA 158410 39 per 1000 Hospital mortality (10 per 100,000 pregnancies, 261 Not described*
2010 pregnancies  per 100,000 pregnancy-related ICU admissions)
Aoyama  2004- Canada 10,204 3.2 per 1000  Hospital mortality (6.2 per 100,000 pregnancies, 1274 MOR 1.92
2019 2015 pregnancies  per 100,000 pregnancy-related ICU admissions)

Systematic search. We searched MEDLINE, EMBASE, and Cochrane databases for studies published until September 2019. Search terms for ICU, Pregnancy,
Admission, and Big data were combined (detailed search strategy in Additional file 12: Table S12). The reference lists of the selected papers were hand-searched
for other potentially relevant papers. We have summarized all the relevant studies here as well as in the main text, but we were mainly interested in population-

based studies relevant to our research question

*Variability of pregnancy outcomes and categories of pregnancy-associated hospitalizations were reported

existence of other potentially important factors. We had
a high rate of missing data for certain variables, particu-
larly postal code markers of socioeconomic status. How-
ever, there were few differences among known
characteristics between groups with missing and non-
missing data, and our results did not differ when we
used a multiply imputed dataset in our sensitivity ana-
lyses. CIHI did not provide structural characteristics for
each of all 342 hospitals enrolled in this study such as
detailed type of ICUs and existence of neonatal intensive
care unit. And hence, groups according to the annual
volume of their delivery admission were created, to
characterize enrolled hospitals from an obstetric practice
point of view. Additionally, ICU utilization and transfer
rate in each group of hospitals were also calculated
(Additional file 4: Table S4). It is possible that some
diagnostic coding error exists, for example, over-coding
of ARDS among patients managed in post-anesthesia
care unit or labor and delivery room and not the ICU
(only 76.2% of patients with ARDS were admitted to
ICU). Canadian Coding Standards Evolution Chronicle
reports that post-procedural respiratory disorder was
used to be coded as ARDS [49]. Over-coding of ARDS
may be attributed to this previous coding procedure.
Probably, contemporary validation studies of ARDS by
utilizing audits of hospital chart is required for future
large epidemiological studies, since there was no such
specific validation study of ARDS using CIHI DAD after
the Berlin definition in 2012. Although the DAD does
not contain specific information about the number of
ICU beds in each acute care hospital, a previous study
estimated the number of ICU beds per 100,000 popula-
tion, by provinces, in 2009, ranging from 5.5 to 19.3 beds

per 100,000 population [50]. Given the provincial ICU
beds per 100,000 population in Canada, our study
showed that there was a mostly linear relationship be-
tween provincial ICU capacity and maternal ICU admis-
sion rate (+* = 0.74, p = 0.002) (Additional file 15: Figure
S1), which implies that ICU capacity may influence the
admission patterns of pregnancy-related ICU admission
as well in Canada. Also, in this analysis, we did not ex-
plore neonatal outcomes—this will be an important next
step. Finally, although CIHI collects data on each admis-
sion at all acute care hospitals across Canada, our find-
ings may not generalize to the province of Quebec
which maintains a unique database.

Unanswered questions and future research

We found that only a minority of women who experi-
ence severe maternal morbidity are admitted to an in-
tensive care unit in Canada, that there is a wide
variability in ICU admission practice across hospitals
and provinces, and that the greatest vulnerability exists
for women at low socioeconomic status. These represent
potentially modifiable factors for patients and should be
the focus of quality of care improvement initiatives for
clinicians and health systems.

Conclusions

In conclusion of this study, we found that a minority of
women who experience a severe maternal morbidity
event and only two thirds of those who die are admitted
to ICU. There is a wide hospital-level variability in ICU
admission practices and that those living in urban loca-
tions and those of the lowest socioeconomic status were
most likely to be admitted to ICU.
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