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ABSTRACT

Obstetric intensive care unit (ICU) admissions comprise only a small part of severe maternal morbidity. The incidence rate of both
remains relatively unclear due to inconsistent definitions across publications, although this has begun to be addressed. There is a
relative paucity of information regarding disease-specific survival following obstetric ICU admission, but outcomes are clearly
related to the cause of admission and the quality of care. The ratio between maternal near-miss cases (many of whom are admitted
to ICUs) and maternal death may provide insight into the preventability of death.

Hemorrhage and pre-eclampsia constitute the leading causes of ICU admission and have relatively low mortality rates, perhaps
demonstrating the impact of informed care in managing obstetric critical illness. Obstetric sepsis, heart disease and anesthesia com-
plications should be the focus of future research. The incidence of obstetric sepsis has been increasing in the last decade, with mor-
tality rates remaining relatively high. The incidence of obstetric heart disease is increasing and maternal complications have been
attributed to fractionated care of mothers within this category. Anesthesia complications remain a predominant cause of maternal
death and likely intensive care admission.

Data are lacking regarding the relative proportion of cases per disease that remain treated outside the ICU; and the outcomes of
various management strategies. The only study of the health status of survivors of obstetric ICU admission revealed that six
months after hospital discharge, one in five women still had a poorer health-related quality of life than those of a reference

age- and sex-matched cohort.
© 2019 Elsevier Ltd. All rights reserved.
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Introduction

Maternal wellbeing hinges upon multiple causes, such as
gross domestic product (Fig. 1) and the quality of the
local healthcare system and its priorities." Maternal
death is often preceded by fractionated care and at times
may be preventable.” ’ However, like any other condi-
tion, medical disorders leading to maternal death should
be addressed appropriately along the spectrum of care.
While great advances have been made with regards to
risk management, diagnosis, prevention and early treat-
ment of pregnancy-associated diseases, much still
remains to be learned about obstetric critical illness.
Several issues have hindered progress on this front.
The medical community has only recently realized that,
although global maternal mortality rates (MMR) are
decreasing,” maternal morbidity is increasing in devel-
oped countries.” The MMRs of developed countries
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are low. Therefore, despite tertiary care, clinicians may
tend to view maternal death as almost inevitable.'’
However, debriefings after maternal death repeatedly
demonstrate that the quality of treatment is only as
good as that of the lowest level of care provided by
the multidisciplinary team, so there remains room for
improvement.'""'> For more than two decades, the
intensive care unit (ICU) death rates observed in the
obstetric population have been lower than those pre-
dicted by commonly used ICU scoring methods.'%'? ¢
This has led to complacency rather than to the under-
standing that this population is highly responsive to
therapy. Pregnant women are almost uniformly
excluded from clinical trials. Causes for this exclusion
include classification of pregnant women as a ‘““vulnera-
ble” population, concerns regarding the legal implica-
tions of potential harm to the fetus and skepticism
regarding the willingness of pregnant women to partici-
pate in research. Pregnant women are also excluded
from many observational trials, due to uncertainty
regarding the impact of the physiology of pregnancy
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Fig. 1

National maternal mortality rates plotted as a function of national gross domestic product (purchasing power parity). All

data were taken from the CIA fact book database (public domain). Values were cut off at MMRs >300 per 100 000 and GDP >

$30 000 000 000 000 to enable visualization

on study results. Consequently, when a pregnant woman
is critically-ill, there are few data to inform prescribing
and even less to inform treatment. Finally, major ques-
tions remain regarding the actual definition of maternal
or obstetric critical care.

Definition of obstetric or maternal critical care
Neither the term “maternal critical care” nor the term
“obstetric critical care” encompasses the full range of
intensive care delivered to women who are pregnant or
peripartum. The term “maternal intensive care” suggests
that the woman being treated must be a mother. This
term implicitly excludes, for example, women
admitted to intensive care following abortion. The
Merriam-Webster ~ dictionary  defines the term
“obstetric” as “‘of, relating to, or associated with
childbirth”. Hence the term “obstetric intensive care”
suggests that the cause of ICU admission must be directly
related to the pregnancy. In this review, as in many other
papers, these terms are used interchangeably.

Obstetric critical care has been defined as “the spe-
cialized management of critically-ill obstetric patients
via an interdisciplinary approach in which the optimiza-
tion of the clinical variables of pregnant women should
be approximated to the maternal-fetal unit needs as a
whole”.!” The epidemiology of obstetric critical care is
confounded by differences in definition of both “obstet-
ric” and “critical care”.'®

The definition of “obstetric” is confounded by vari-
ability in the time-frame post delivery which is still con-
sidered associated with that pregnancy. The World
Health Organization (WHO) defines maternal mortality
as ‘“‘the death of a woman while pregnant or within
42 days of termination of pregnancy, irrespective of
the duration and site of the pregnancy, from any cause
related to or aggravated by the pregnancy or its

management but not from accidental or incidental
causes.”'” As a result, obstetric critical care admissions
are often identified as women having an ICU admission
during pregnancy or up to 42 days after termination of
pregnancy for any cause.”’ However, severe pregnancy-
related morbidity may occur several months after termi-
nation of pregnancy. For example, cardiomyopathy of
pregnancy can manifest weeks to months after delivery
and presentation may even be delayed for up to one
year.”! Data from 214 general ICUs across Great Britain
showed that the ratio of women defined as critically-ill
was one ‘‘currently pregnant” to five “recently preg-
nant”.'" The United Kingdom (UK) 2015 Confidential
Enquiries report noted that nine in 100 000 women died
within six weeks of delivery/the end of pregnancy,
whereas 14 additional women in 100 000 died between
six weeks and one year later.”> No similar registry exists
in the United States of America (USA). However, the
USA Fourth Trimester project was recently established
to improve maternal care in the vulnerable period after
delivery.” Inclusion of cases admitted to the ICU up
to one year after delivery may therefore significantly
increase the number of obstetric ICU admissions.

The definition of “critical illness” is confounded by
different means of identifying critically-ill pregnant or
peripartum women, for example by admission to an
ICU, by the occurrence of organ failure and/or by the
requirement for a life-saving intervention. When ICU
admission is the criterion used, critically-ill women
observed/treated in high-risk obstetric units or labor
wards are potentially overlooked.!" A selective
approach to obstetric ICU admission is often advo-
cated, based on studies showing higher maternal sur-
vival rates following ICU admission for direct
obstetric causes versus admission for indirect causes.”
Although more data on maternal morbidity and mortal-
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ity are required to determine the validity of this argu-
ment, observation outside of the ICU is becoming com-
mon practice in some developed countries.”””° Reports
may also miss maternal admissions to specialized units
(e.g. cardiac, neurological) as a result of heart disease
and/or stroke.

When critically-ill obstetric cases are identified by the
occurrence of one (or more) acute organ failure, this
classification, which hinges on the number of failing
organs required to fulfill the definition, may overlook
cases such as those with massive hemorrhage without
subsequent organ failure. One study of pregnancy-
associated utilization of ICU services in Texas from
2002 to 2010 demonstrated that even though 26.5% of
the women were graded as suffering from high severity
of illness, organ dysfunction was rarely observed
(6.2%).”” Coding issues may further confound this defi-
nition, as they have with regards to maternal death.”*

Finally, the incidence of obstetric critical care may be
determined by the proportion of cases receiving acute
life-saving interventions such as hysterectomy, mechan-
ical ventilatory support, renal replacement therapy,
extracorporeal mechanical oxygenation or liver support.
Provision of any treatment modality depends on its
availability. In some developing countries, anti-
hypertensive medications are only sometimes available;
ventilators, suction devices and even intensive care
may be unavailable.”” While such extreme shortages
rarely occur in developed countries, the susceptibility
of the pregnant population to HIN1 during the 2009
pandemic highlighted similar issues arising from the
selective availability of extracorporeal membrane oxy-
genators. Moreover, even when the required means of
support are available, the indications for many such
interventions are not standardized.

Maternal critical illness and intensive care unit
admission

Since the establishment of the first ICU in Copenhagen
in 1953 by Bjorn Aage Ibsen, ICUs have been discrete
geographic areas within the hospital where all cutting-
edge resuscitative services are provided. Obstetric inten-
sive care often does not follow this model, as depending
on local culture and capabilities, critically-ill obstetric
cases are often treated in various locations throughout

the hospital. Therefore, few reports provide a truly
encompassing view of obstetric critical illness.'""’
Severe maternal morbidity occurs at higher rates than
maternal ICU admission and has been estimated to have
an incidence of 2% among obstetric admissions in the
UK'' and of 2.5% of hospital deliveries in the
USA.'"*" Older women bear the highest rates of severe,
life-threatening morbidities.”’ In developing countries,
epidemiological estimates of maternal critical illness
throughout pregnancy suggest that up to 15% of women
who deliver suffer from some form of critical illness.*”
This discrepancy stems from multiple causes, including
the availability and accessibility of maternity healthcare
services in the community, the quality of preventive
care, the time to access hospital and/or critical care,
the availability of resources and the availability of facil-
ities capable of providing advanced interventions.

There is little information about the prevalence of
obstetric admissions to ICUs. In 2010, Pollock et al.
conducted a systematic review of the literature and esti-
mated the incidence was 0.7 per 1000 births in developed
countries and 13.5 per 1000 births in developing coun-
tries.” Since then, several large database reviews have
shown a more than four-fold greater incidence in devel-
oped countries (Table 1), ranging between 2.4 and 4.4
per 1000 deliveries.”>?”***> Although this incidence
has yet to be validated by real-time data collection, it
is often substantiated by smaller studies.'****’

Obstetric critical illness comprises a predominant
cause of ICU admission among young women in devel-
oped countries. In the UK, 12.1% of the women aged
16-50 who were admitted to an adult general ICU were
obstetric cases.'' Many of these admissions do not nec-
essarily occur in the peripartum period,'' which is con-
sidered to be the time of greatest maternal risk during
pregnancy. At the time of admission for delivery alone,
the incidence of ICU admission ranges from 1 per 125
to 910.'%'13%3 4! This incidence is higher than the
population-based incidence of severe sepsis and septic
shock.*?

Maternal near-miss

In 2008 it was proposed that “the ratio of maternal
deaths to severe morbidity may reflect the standard of
maternal care” and therefore that audits of severe

Table 1 Major population-based studies reporting obstetric intensive care unit admissions

Study Country Data Total ICU Maternal Deliveries  Incidence ICU  Maternal Incidence
collection admissions ICU admissions deaths maternal death
period admissions per 1000 deliveries per 1000 deliveries
Oud”’ USA 2001-2010 - 158 410 3 635 581 43.6 414 0.11
Zwart™ Netherlands 2004-2006 - 847 358 874 2.4 29 0.08
Chantry” France 2006-2009 — 11 824 3262 526 3.6 154 0.05
Wanderer®” USA 19992008 - 2927 698 379 42 53 0.08

ICU: Intensive care unit.
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maternal morbidity should complement maternal mor-
tality reports.*’ However, a systematic review of 82 stud-
ies from 46 countries revealed that, at least up to 2011,
the literature still varied significantly in the criteria used
to identify maternal near-miss cases. As a result, the
prevalence rates ranged from 0.6%—-14.98% for cases
identified using disease-specific criteria, from 0.04% —
4.54% for cases identified using treatment criteria, and
from 0.14%-0.92% for cases identified by the occurrence
of organ dysfunction. Regardless of these broad ranges,
adjustment still revealed higher rates in developing
countries and an 8% annual increase in the rate of
near-miss identified by emergency hysterectomy, mainly
due to trends occurring in North and Latin America.*
Like the WHO data showing that the decrease in global
maternal mortality has yet to meet the expected rate of
improvement,® these findings suggest that there are still
variables amenable to improvement in maternal care.

In 2009, the WHO working group on maternal mor-
tality first defined maternal near-miss as “a woman who
nearly died but survived a complication that occurred
during pregnancy, childbirth or within 42 days of termi-
nation of pregnancy”. In order to ensure that all cases
are identified, the working group proposed registering
cases that fulfilled any one of three criteria: the presence
of a pre-specified disease (e.g. pre-eclampsia, infection)
accompanied by a related complication (e.g. stroke, sep-
tic shock), the need for a specific intervention (e.g.
blood transfusion, emergency hysterectomy), or the
occurrence of a pre-defined organ system dysfunction.**
Some centers in Latin America have already embraced
these definitions, demonstrating a ratio of maternal
near-miss to maternal death of 19 to 1.* Regardless
of ICU admission, questions must be asked regarding
prior quality of care in each case of obstetric critical ill-
ness, as many such cases comprise a “‘maternal near-
miss”.

To date, few countries routinely collect data regard-
ing severe maternal morbidity or “maternal near-miss”
and investigations of maternal death are seldom made
public. Such data can improve the quality of obstetric
care, as interventions should be determined by the local
prevalence of maternal complications and targeted to
local culture, context and capabilities.*® One such exam-
ple is the 2016 UK Confidential Enquiry report that
highlighted the increasing compartmentalization and
physical separation of services, which limits interdisci-
plinary communication and coordination when manag-
ing maternal heart disease in the UK.*’

Causes of maternal ICU admission

Tuncalp et al.*” studied 82 publications from 46 coun-
tries and concluded that while the reported prevalence
of severe maternal mortality varied almost 25-fold
based on disease-specific criteria (0.6-14.98%), and
almost seven-fold for organ dysfunction-based
criteria (0.14-0.92%), variation was much higher, almost

100-fold, for management-based criteria (0.04-4.54%).
This discrepancy suggests that many of these women
were not receiving intensive care despite the severity of
their condition. This assumption is supported by UK
Intensive Care National Audit and Research Centre
data which showed that approximately 1 in 350 women
were admitted to Level 2 and 3 ICUs while 1 in 50
women required “only” Level 1 intensive care and were
therefore being treated in maternity units.*® Case identi-
fication is often hampered by database limitations in
identifying the presence of pregnancy coinciding with
an indirect cause of ICU admission. At the same time,
ICUs are not obligated to report the pregnancy status
for women admitted for non-obstetrical causes. One
study showed that states adopting a checkbox for preg-
nancy status in death certificates more than doubled
their maternal mortality rates, while those that did not
had only a modest increase. This difference was largely
attributable to improved identification of pregnancy,
particularly in women more than 40 years old.*

The incidence and mortality trends of maternal ICU
admission and mortality differ by disease and by loca-
tion.”” For example, the rate of hypertensive diseases
in pregnancy is generally stable and these have very
low mortality rates. Minimizing the use of latex gloves
has led to a decrease in the rate of anaphylaxis.”' Mater-
nal sepsis is increasing in the USA™ and decreasing in
the UK. Mortality from maternal cardiac disease is
stable, as is the rate of thrombo-embolism.”’ In the
UK, an increase in maternal deaths from hemorrhage
was observed. This heterogeneity suggests the presence
of opportunities for improvement.

The causes of maternal ICU admission are classified
as those related directly to pregnancy (i.e. obstetric hem-
orrhage, hypertensive diseases of pregnancy, puerperal
sepsis, thrombo-embolic phenomena, acute fatty liver),
those indirectly related to pregnancy (i.e. disease exacer-
bations due to pregnancy) and those seemingly coinci-
dental to the pregnant state (e.g. trauma, non-
puerperal sepsis). Epidemiological reports may include
coincidental causes in the indirect category (e.g. the
UK MBRRACE reports) or exclude them altogether
(e.g. the WHO reports). The two main causes of obstet-
ric ICU admission are hypertensive diseases and massive
hemorrhage (Table 2). An informal search of the litera-
ture performed for the purpose of this review demon-
strates that although these two causes together
comprise about one-third of obstetric ICU admissions,
reports published from different countries vary greatly
in case mix (Table 3). The causes of these differences
are likely multifactorial and include socio-economic fac-
tors™*>°, environmental causes,’® the quality of care
both pre-delivery (i.e. longitudinal follow-up of preg-
nant women) and at the time of crisis,””*® surgical prac-
tice (e.g. the rate of cesarean delivery)’’, racial
disparities,”” ®* and probably local ICU admission prac-
tices as well.
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Table 2 Causes of severe maternal morbidity resulting in intensive care unit admission in major population-based

studies
Study ICU Hypertensive Obstetric Sepsis/ Other direct Non-direct Anesthetic
admissions disease of hemorrhage infection obstetric obstetric complications
(n) pregnancy n (%) n (%) complications  complications  n (%)
n (%) n (%) n (%)
Oud”’ 158 410 36 978 (23.3) 11 005 (6.9) 1746 (1.1) 3140 (2.0) 15 550 (9.8) 139 (0.1)
Zwart™ 847 224 (26.8) 381 (45.5) 55 (6.6) 13 (1.6) 152 (18) 12 (1.4)
Chantry” 11 824 2636 (22.3) 4043 (34.2) 425 (3.6) 718 (6.1) 3845 (32.5) 66 (0.6)
Wanderer™ 2927 875 (29.9) 551 (18.8) 207 (7.1) 472 (16.1) 1594 (54.5) 66 (0.4)

ICU: intensive care unit.

The proportion of ICU admissions due to maternal
hypertension and hemorrhage seem similar in develop-
ing and developed countries (39.8% vs 32.5% for hyper-
tension and 25.0% vs 21.5% for hemorrhage).”” Many
clinicians believe that other medical priorities supersede
the need for professional intensive care management of
critically-ill obstetric women.””*® For example, in cases
with massive peripartum hemorrhage, facilitating rapid
transfer to repeat surgical hemostasis may constitute
an overarching consideration, leading to selection of
treatment in a post-anesthesia care unit with proximity
to an operating room, rather than in a less proximate
ICU. Such practices probably lead to incomplete report-
ing of severe maternal hemorrhage.

Cardiac disease is becoming another leading cause of
obstetric maternal ICU admission and it comprised
almost one-fifth of admissions in one USA population-
based study.’” Early reports often omitted ICU admis-
sions to cardiac ICUs, probably reflecting a lack of
interdisciplinary communication. Such reports are no
longer acceptable. The 2016 Confidential Enquiry report
on maternal death emphasized the importance of inter-
disciplinary collaboration in the management of mater-
nal heart disease’’ and this should be reflected in
reporting, as well as in clinical practice.

The fourth most common causes of ICU admission
are infections and sepsis.”> The main causes of sepsis
are urogenital infections.®** Pollock et al. reported that
approximately 5% of obstetric ICU admissions were due
to sepsis.” As with other causes, the proportion of
intensive care admissions due to maternal sepsis varies
(Table 3), although some of the variation is attributable
to inconsistent terminology. The first time a definition
for maternal sepsis was proposed was 2017, in a consen-
sus development meeting convened by the WHO and
jhpiego (https://www jhpiego.org). They defined mater-
nal sepsis as follows: “A life-threatening condition
defined as organ dysfunction resulting from infection
during pregnancy, childbirth, post-abortion, or in the
post-partum period”.”> The postpartum or post-
abortion period was determined to be within 42 days
of termination of pregnancy. It was suggested that organ
dysfunction should be determined by ICD-10 disease
classification in both suspected and confirmed cases.

Suspected cases are those women likely to have severe
maternal infection who present with early signs and sys-
temic effects (allowing timely initiation of treatment).
This proposal has yet to be formally embraced by any
professional medical society.

A UK report estimated the absolute risk of obstetric
intensive care admission with severe sepsis as 41 per
100 000 pregnancies (95% CI 2.9 to 5.6).°° This is quite
high given that the overall population incidence of sepsis
(usually in much older patients) ranges between 47 and
119 per 100000.°°° In some places, almost one-
quarter of all maternal near-miss cases and one-half of
maternal deaths have been attributed to infection, and
substandard care can be identified in over one-half of
these cases with severe maternal outcomes.’’ It is gener-
ally accepted that the early diagnosis of sepsis promotes
survival. However, the physiological criteria conven-
tionally used to diagnose sepsis in the non-pregnant
population (i.e. heart rate, respiratory rate) often over-
lap both in normal pregnant women and in those with
sepsis/infection. Thus, several scoring systems have been
studied for identifying sepsis in pregnant women’' and
some have undergone validation.”” Their utility in this
unique population is being researched, as are other fac-
tors related to maternal sepsis. For example, antibiotic
prescription for pregnant or postpartum women with
suspected infection has not necessarily been shown to
prevent progression to severe sepsis.’~ It remains unclear
whether prescription does not necessarily equate to
treatment or whether other factors come into play.
For example, pregnancy is associated with immunologic
changes resulting in an increased susceptibility to infec-
tion, especially those due to intracellular bacteria,”* and
female hormones may modulate the host immune
response to infection.”” Pre-existing medical problems
also predispose to sepsis during pregnancy.’® Chronic
liver disease and congestive heart failure are associated
with particularly high rates of sepsis during pregnancy
(adjusted odds ratio 41.4 and 20.5 respectively),’” as is
obesity.”””® Given all these factors, the main focus of
current research should remain early identification of
maternal sepsis.

Finally, anesthesia complications remain a leading
cause of maternal mortality. In developing countries,


https://www.jhpiego.org

Table 3 Causes of severe maternal morbidity resulting in intensive care unit admission in smaller studies

Author ICU Hypertensive Obstetric Sepsis/infection Other direct Non-direct obstetric Anesthetic
(reference admissions disease of hemorrhage n (%) obstetric complications n (%) complications
number) (n) pregnancy n (%) n (%) complications n (%) n (%)
Aldawood'® 75 21 (28) 16 (21) 12 (16) 5(0.67) 21 (28) -
Igbaruma'®” 101 42 (41.6) 38 (37.6) 12 (11.9) 2(2) 7 (6.9) -
Sadler'"” 42 3(7) 14 (33) 10 (24) 1(2) 14 (34) -
Yousuf'!! 150 80 (53.3) 28 (18.7) 18 (12) 10 (6.7) 14 (9.3) -
Rios*! 242 152 (62.8) 27 (11.1) 12 (5) - - -
Seppanen'”® 291 166 (57) 74 (25.4) 3 (1) 24 (8.2) 24 (8.2) -
Crozier''” 60 9 (15) 20 (33.3) 6 (10) 3(5) 22 (36.6) -
Yuqi'"? 487 212 (58.7) 133 (36.8) 26 (20.6) 16 (4.4) 100 (20.5) -
Ozcel%lflm 57 17 (29.7) 9 (15.8) 4(7) 2(3.5) 24 (42) 1(1.8)
Farr' '3 135 - - - - - -
Dasgupta''® 205 55 (26.8) 71 (34.6) 27 (10.8) 5(2.4) 47 (30) -
Rathod'!” 765 221 (28.9) 337 (44) 61 (8) - 93 (12.2) -

de Greve''® 190 12 (6.3) 23 (12.1) 13 (96.8) 98 (51.6) 44 (23.2) -
Ibrahim'" 99 30 (30.3) 21 (21.2) 7(7.1) 19 (19.2) 19 (19.2) 3(3)
Ng” 67 17 (25) 39 (58) 1(2) - 9 (13.4) 1(2)
Gombar™ % 151 51 (33.8) 37 (24.5) 41 (27.1) 36 (23.9) 6 (4) -

ICU: intensive care unit.

“Data taken from modern cohort only — data for indications for ICU admission was not split into historical vs modern cohorts; data not extracted.

*"Some patients had more than one diagnosis.
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2.8% of total maternal deaths, 3.5% of maternal deaths
resulting from obstetric complications and 13.8% of
deaths after cesarean section have been attributed to
complications of anesthesia.””*" These include, for
example, failed airway management, cardiovascular col-
lapse following epidural top-ups and total spinal anes-
thesia.”' Exposure to general rather than neuraxial
anesthesia, and delivery of anesthesia by non-
physicians rather than anesthesiologists, have both been
associated with increased MMRSs (more than three-fold
and almost double, respectively).”” This finding should
not be dismissed as irrelevant to developed countries,
despite the controversy it may cause.”” In the USA, for
example, many hospitals have relatively small obstetric
caseload volumes, suffer a shortage of physicians with
the relevant expertise and fulfill only minimum obstetric
staffing requirements.®” Maternal death appears to peak
during nursing shift transitions and on weekends and hol-
idays,* suggesting the importance of the immediate avail-
ability of professional obstetric care.

As maternal age®”*® and comorbidities (e.g. heart dis-
ease,”’ obesity®™*’) increase and assisted reproduction
becomes widely available,”’”! the rate of maternal criti-
cal illness is expected to rise. These changes are occur-
ring in parallel to a decrease in fertility rates in
developed countries. The UK-CAPS study attributed
24% of obstetric deaths to anesthetic complications.®!
As the number of deliveries drops, the medical expertise
required to treat cases with greater complexity may be
lost.”” Of some concern is the inverse association exist-
ing between hospital obstetrical caseload and the rate
of postpartum complications,”” particularly with respect
to the management of peripartum hemorrhage.”

Outcomes

When a pregnant woman is critically-ill, both the
mother and fetus are at risk. Pregnancy and neonatal
outcomes are beyond the scope of this review. However,
these are related first and foremost to the cause of
maternal ICU admission and to the maternal condition
at the time of ICU admission. Hence, optimization of
maternal care is a common goal. Only recently has
interest been redirected from pregnancy outcomes to
maternal outcomes,””” so there are few data regarding
obstetric intensive care.

As with other disease categories, the question of
whether ICU admission improves maternal outcomes
remains unclear. However, contrary to most other dis-
eases, there are indirect data suggesting that obstetric
ICU admission may be associated with a decreased
prevalence of some of the more commonly observed
obstetrical complications. Some UK data show a high
prevalence of maternal critical illness due to hyperten-
sive disease of pregnancy,''** while the Confidential
Enquiries report shows consistently low rates of mater-

nal death from hypertensive disorders.*’ In France, the
most frequent causes of ICU admission were also asso-
ciated with the lowest ICU disease severity.”” Such find-
ings may indicate the success of ICU intervention for
specific diseases, but instead can lead to questions
regarding the need for intensive care for critically-ill
obstetric women.”

Maternal mortality after intensve care unit and
hospital admission

Population-based studies suggest that the incidence of
maternal death following ICU admission ranges from
0.3% to 3.5% (Table 1).”>?7**3° In contrast, individual
reports indicate an overall mortality ranging between
0% and 52% of admissions.”® As expected, reports
demonstrating lower case-fatality rates often originate
from high-income countries (Table 4), but this finding
is inconsistent. While some of these differences can be
attributed to case mix, there seems to be leeway for
improvement.

Two potential loci for improvement discussed earlier
are the early identification of cases and the availability
of multidisciplinary consultation to provide integrative
intensive care regardless of patient location. An addi-
tional focus point for improvement may be the timing
of ICU discharge and post-ICU care. Many obstetric
deaths occur after discharge from the ICU or following
ICU re-admission. The proportion of women who died
in a subsequent ICU admission was almost double
among obstetric cases compared to an age- and sex-
matched non-pregnant cohort.'' This finding requires
further elucidation, as it raises questions about the qual-
ity of overall care throughout admission.

Obstetric mortality following intensve care unit
admission for specific diseases

While the causes of maternal ICU admission and mater-
nal death are generally similar, the incidences of these
causes and their death rates do not necessarily correlate.
Maternal survival following ICU admission is directly
related to the cause of admission and the ICU case
mix may differ. It is therefore best to refer to
population-based studies of maternal mortality per dis-
ease (Table 2).

Pre-eclampsia is a common cause of maternal death
in some developed countries” but less so in others.*’
Developed  countries  with  similar  rates of
pre-eclampsia have been shown to differ significantly
in the incidence of eclampsia and in the rate of related
maternal death.”” The reasons for these differences
remain to be elucidated. Pregnancy-related stroke
occurs in 30 per 100000 pregnancies and only one-
third of these (12.2 per 100 000) are hemorrhagic.”®
Acute renal failure occurs more frequently, in about
1% of women with pre-eclampsia.”” Pre-eclampsia is a
predominant cause of acute pulmonary edema in preg-
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follow-up almost one in five women (18.4%) still had a
poorer health-related quality of life than those from the
reference cohort. Multiparous women have lower
scores than primiparous women.'*® While these results
seem encouraging, it is important to remember that
these are young women who should look forward to
a full life.

Conclusions and suggestions for future
improvements

Severe maternal morbidity is on the rise in developed
countries, yet the decline in global maternal death rates
and relatively low death rates associated with obstetric
hemorrhage and hypertensive diseases of pregnancy in
some developed countries (both of which have occurred
in association with an increasing rate of ICU admission)
highlight the potential preventability of obstetric critical
illness. Declarations that critically-ill pregnant and peri-
partum women do not require admission to an ICU
should therefore be viewed as no more than baseless
opinions until such time as data is generated regarding
disease-specific survival, with and without ICU admis-
sion, in this population. Ideally, these data should be
collected in real time by an international registry of
obstetric comorbidities and critical illness.

Intensive care admissions comprise only a small part
of obstetric critical illness. Intensive care remains
underutilized for obstetric critical illness even in devel-
oped countries. Misconceptions regarding the level of
care provided to these women in countries from which
many of the publications originate (e.g. the UK) may
be a significant contributor to this issue. Many are una-
ware that in such places even the level of basic obstetric
screening, monitoring and treatment is significantly
higher than that existing elsewhere, not to mention the
intermediate care maternity units that specialize in such
care. The culture of discussion regarding the “redun-
dancy” of maternal critical care should be substituted
with a standardized yet detailed description of the level
of expertise, training and monitoring provided in alter-
native settings that have achieved improved outcomes,
as this would enable cross-country comparisons. An
additional setback to the use of critical care services is
the paucity of tools to identify critical illness in this pop-
ulation. Disseminating the use of appropriate scoring
systems may improve this aspect of care.

Further contributing to the predicament of critically-
ill pregnant and peripartum women is the issue of frac-
tionated care, which leads to ICU admission of many of
these complex cases after decompensation has occurred.
In many places, the obstetrician treats only the preg-
nancy and the cardiologist treats only the heart. Efforts
should be made to create specialized multidisciplinary
maternal care pathways, particularly, yet not only, with
regards to obstetric sepsis, heart disease and anesthesia.

Referral of such cases to specialized centers (whether
outpatient or in-hospital) at an early stage of pregnancy
would allow tailoring of treatment to the individual case
and enable creation of a multidisciplinary delivery plan,
including, if required, planned ICU admission.
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