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Abstract

Overview and Aims: Maternal mortality has significantly decreased in past decades, especially in developed countries,
where maternal morbidity became a main topic of research. Admission to an Intensive Care Unit (ICU) is considered an
objective marker of severe maternal morbidity (SMM). Better knowledge of these patients is vital to achieve further mater-
nal health improvements. This study aims to review obstetric ICU admissions.

Study Design, Population and Methods: Retrospective transversal analysis of all obstetric ICU admissions between

2010 and 2019, in a tertiary care centre.

Results: Thirty-eight women required obstetric ICU admission (1,59 for 1000 deliveries, 1,07% of all ICU admissions).
Mean maternal age was 32 years, 57,9% were nulliparous, 34,2% were non-caucasian and 21,1% did not live in Portugal.
Caesarean section was the main mode of delivery (86,8%), with 52,6% prematurity rate. The majority of ICU admissions
were postpartum (97,4%), and median length of ICU stay was 3 days. Major obstetric haemorrhage (MOH) (44,7%) and
hypertensive disorders (21,1%) were the most common diagnostics. The main interventions required were blood transfu-
sion (57,9%) and mechanical ventilation (52,9%). No maternal deaths were recorded. Postpartum hysterectomy was per-

formed in 5 patients (29,4% of MOH cases).

Conclusions: Maternal morbidity and mortality analysis is vital, regarding maternal health care improvement. Few obs-
tetric patients required ICU admission, with good outcomes. MOH and hypertensive disorders are the main causes for obs-
tetric ICU admission. An increased number of non-caucasian and non-resident women can have some impact on ICU ad-
mission trends. Nonetheless, critically ill patients can be successfully managed with a multidisciplinary approach.
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INTRODUCTION

M aternal mortality ratio (MMR — number of ma-
ternal deaths per 100 000 live births) dropped
about 38% worldwide between 2000 and 2017". At that
point, global MMR was estimated in 211 per 100 000
live births. However, MMR is 40 times higher in world’s
least developed countries in comparison to Europe':
the vast majority of maternal deaths (94%) occurs in
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low and medium-income countries, and most cases are
preventable®?. As a result, the World Health Organiza-
tion (WHO) and partners intend to reduce global MMR
to less than 70 per 100 000 live births in 2030, by stop-
ping preventable maternal mortality?. Concerningly, in
Portugal MMR slightly increased in the past few years.
In 2018 it reached 17,2 per 100 000 live births, whe-
reas from 1995 to 2016 it was consistently under 9*.
A significant proportion of maternal deaths in deve-
loped countries is related to massive blood loss or hy-
pertensive disorders, which are manageable in adult In-
tensive Care Units (ICU), with expected survival>. ICU
admission may be considered an objective marker of se-
vere maternal morbidity (SMM)®’, however, approxi-
mately two-thirds of cases could be missed being this
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the only criterion®. Surprisingly, according to Mengis-
tu et al, the reduction in MMR in high income coun-
tries (HIC) is associated with a paradoxical increase in
SMM, driven by a combination of factors, including
advanced age, obesity, comorbidities and operative de-
livery®. Nonetheless, Loverro and Vasquez et al. des-
cribed ICU obstetric patients as young, primiparae,
with low prevalence of chronic illnesses. This indica-
tes that ICU admitted women generally have a serious
pregnancy-related complication'®"!, reinforcing that
ICU admission represents a small part of the popula-
tion with SMM. Also, cardiovascular pathology is gai-
ning ground as an important factor in maternal mor-
bidity in HIC. In countries like the USA and UK deaths
due to cardiovascular disease are unchanged or in-
creasing despite the reported global decrease in direct
causes of maternal mortality'.

Management of critically ill women during preg-
nancy, delivery and puerperium is complex. These pa-
tients are fundamentally different from other critically
ill ones, requiring specific pregnancy physiology and
pathology knowledge'®. Therefore, it is mandatory that
both obstetricians, intensivists and anaesthetists are in-
volved, in order to provide a multidisciplinary ap-
proach>'*. Although illnesses are generally severe, fa-
tality rate is relatively low, with possibility of full reco-
very>!'. Adequate access to ICU facilities has been re-
cognised as key to maternal mortality reduction in
HIC". A better understanding of obstetric patients cha-
racteristics admitted to ICU could point to where the
focus of obstetric training and awareness should be di-
rected at, and further reduce maternal mortality and
morbidity'®, transforming deaths into ‘near-misses’™’.

Little is known about the ethnicity impact in mater-
nal outcomes. Some studies found associations at this
level with ICU admission, which is greater in non-eu-
ropeans® and black race'®. A prospective cohort study,
in Netherlands, reported a 1,4 fold increased risk (95%
CI 1,2-1,7) of ICU admission in non-western compa-
red to western women’. Nowadays such analysis is of
utmost importance, given migration trends, that also
include pregnant and women of reproductive age. The
number of international migrants is globally estimated
at 272 million, which already surpasses some projec-
tions made for 2050". Large, prospective multicentre
studies are needed to improve insight into the cultural
and medical background of these trends®.

The accurate evaluation of ICU obstetric admissions
and knowledge of near-miss maternal mortality helps
identifying the persisting threats to maternal health?!,
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as reduction of maternal mortality remains a global
health priority?.

This study aims to review obstetric admissions to
the ICU in a tertiary care centre, and assess incidence,
maternal and pregnancy characteristics, required in-
terventions and outcomes.

MATERIAL AND METHODS

We retrospectively reviewed the clinical records of all obs-
tetric ICU admissions in a Portuguese tertiary care cen-
tre, over a 10-year period (2010-2019). ICU admission
was decided among obstetricians, anaesthetists and in-
tensivists. Data were retrieved for each case: medical and
obstetric history (including age, parity, nationality, resi-
dency, comorbidities, pregnancy type), location of pri-
mary obstetric care, gestational age at hospital admittan-
ce and at delivery, mode of delivery, ICU admission diag-
nosis, time between delivery and ICU admission, length
of ICU and hospital stay, ICU interventions, maternal
morbidity and mortality. Additionally, neonatal variables
were also retrieved (birth weight, Apgar scores and neo-
natal ICU admission). Statistical analysis was performed
using Statistical Package for the Social Science (SPSS®) ver-
sion 23.0. This study was approved by the Ethics Com-
mittee for Health of the hospital (3/CE/2021). Interna-
tional ethical standards and anonymity were applied.

RESULTS

There were 38 ICU obstetric admissions, 23974 deli-
veries and 3555 patients admitted to the ICU in this 10-
-year period. The median admittance per year was 2,5,
with highest incidences recorded in 2011 (n=8), 2018
(n=11) and 2019 (n=5).

Obstetric admissions were 1,07% of all ICU admis-
sions, 2,3% of women admitted to the ICU and 0,16%
of deliveries (1,59 ICU admission per 1000 deliveries).
All women admitted delivered in our institution. The
majority of ICU admissions occurred in the postpar-
tum period (97,4%; n=37), in the first 24 hours after
the delivery (73,7%; n=28).

The mean maternal age was 32+6,1 years. Concer-
ning demographics 25 were caucasian (65,8%), 19 were
Portuguese (50%) and 30 lived in Portugal (78,9%).

Fourteen patients had a chronic disease (36,8%),
four were active smokers (10,5%) and eleven were obe-
se (42,3%, n=26).
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TABLE 1. PATIENT DEMOGRAPHICS. The mean gestational age upon hos-
pital admission was 35,3+4,2 weeks,
. . No. of cases and 35,5+4,2 weeks at delivery. The pre-

Patient demographics (n=38) Mean (SD) % maturity rate was 52,6% (n=20), and

Age (years) 32.0 (+6.1) gestational age was less than 32 weeks in
19— 29 13 3429% | 7 deliveries (18,4%).

30 — 39 19 50% The main reasons for hospital admis-
> 40 6 15.8% sion were hypertensive disorders

Body Mass Index (kg/m?* n=26) 279 (£5,2) (23,7%;1=9), labour (13,2%; n=5) and

Obese (> 30 kg/m’, n=26) labour induction (10,5%; n=4). Delive-
Yes 11 42.3% ry took place in the absence of labour in
No 15 57.7% more than half of cases (65,8%), with

Ethnicity c-section being the most common mode
Caucasian 25 65,8% of delivery, in 86,8% (n=33).
Non-Caucasian 13 34,2% Pregnancy and delivery characteris-

Resident in Portugal tics are shown in Table II.

Yes 30 78,9% A single antepartum ICU admission
No 8 21,1% took place upon pulmonary throm-

Nacionality boembolism suspicion, in a 31-week
Portuguese 19 50% single pregnancy, admitted with preterm
Non-Portuguese 19 50% premature rupture of membranes. The

Angola 5 132% | remaining obstetric ICU admissions
Brazil 4 10,5% |  were in the postpartum period (n=37).
Guinea-Bissau 3 7.9% The most common diagnosis of ICU
Romenia 3 7.9% admission was major obstetric hae-
Cape Verde 1 2,6% morrhage (MOH) with disseminated in-
Mozambique 1 2,6% travascular coagulation (DIC) (44,7%,
Sao Tomé and Principe 1 2,6% n=17), including one case of uterine
Jordan 1 2,6% rupture.

Chronic Disease Hypertensive disorders were the se-
No 24 63,2% cond most common cause (21,1%:
Yes 14 36,8% n=8), all with severe features of pre-

Haizsitologie i eclampsia and 5 of them haemolysis,
fnltgeetios K elevated liver enzymes and low platelet
Cardliovascum 2 (HELLP) syndrome. No eclampsia oc-
Respiratory ! curred. Respiratory and cardiac failure
. Others ° were responsible for 6 (15,8%) and 2

Active Smoker (5,3%) ICU admissions, respectively.
No o 89,5% Obstetric ICU admission characteris-
Yes * 10.5% | ics are shown in Table I11.

Patient demographics are shown in Table I.

Twenty-two women were nulliparous (57,9%).
Among multiparous women, previous cesarean section
(c-section) rate was 37,5%. Thirty-four pregnancies
were single (89,5%) and spontaneous pregnancy rate
was 92,1% (n=35).

Thirty-two pregnancies had regular surveillance out-
side our hospital (84,2%) and three did not attend an-
tenatal care (7,9%).
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The most common interventions du-
ring ICU stay were mechanical ventilation (52,6%) and
administration of anti-hypertensive drugs (39,5%).
Prophylactic anti-convulsivant therapy (magnesium
sulphate) was given to 10 patients (26,3%).

Twenty-two patients had red blood cells transfusion
(57,9%), with mean 5,9+3,4 units transfused. A maxi-
mum of twelve units per patient were given twice, both
in haemorrhagic shock and DIC. C-section was the
mode of delivery on these two occasions — one for elec-
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tive delivery due to placenta previa  ['p,p) ¢ |, pREGNANCY AND DELIVERY CHARACTERISTICS.
and the other for induction failure.

Other blood products were gi- No. of cases
vento 19 patients (50%), and poo- Pregnancy and delivery characteristics (1=38) Mean (SD) %
led platelet concentrate to 7 pa- Parity
tients (18,4%). Three patients re- Nulliparous 2 57.9%
quired dialysis (7,9%), one of MUTHpArous 16 42.1%
which also underwent plasmaphe- Previous C-section 6
resis, due to haemolytic-uremic Pregnancy
syndrome/thrombotic thrombocy- Single 34 89.5%
topenic purpura (HUS/TTP), diag- Multiple 4 10,5%
nosed in the 1ate pOStpartum pe_ Bichorionic/Biamniotic 3
riod. It was a single pregnancy, in Monochorionic/Biamniotic 1
a 41-year-old nulliparous patient, | Antenatal care
admitted at term for labour induc- Yes 35 92.1%
tion. C-section was performed for In our hospital 3 7,9%
failed induction after 3 days. In the Another centre 32 84,2%
postpartum she was admitted to No 3 7,9%
the ICU with DIC. She was trans- Hospital Admission Diagnosis
fused with 12 red blood cell units, Hypertensive disorders 9 23,6%
4 fresh frozen plasma (FFP) units Labour 5 13,2%
and 3 pooled platelet concentra- Labour Induction 4 10,5%
tes, with the longest ICU and hos- PPROM 3 7,9%
pital stays (19 and 40 days, res- Fetal death 3 7,9%
pectively). Dialysis was maintai- Preterm labor menace 2 5,3%
ned after discharge. Two other ca- 3" trimestre bleeding 2 5,3%
ses required dialysis: one of pre- Non-reassuring CTG 2 5,3%
-eclampsia with acute kidney fai- Other 8 21%
lure and a HELLP syndrome. Gestational Age (weeks)

ICU interventions are shown in Hospital admission 35,3 (#4.2)

Table IV Delivery 35,5 (4,2)

The mean length of ICU stay 28-29 3 7,9%
was 4,5+4,1 days, longer in c-sec- 30-33 9 23,7%
tion comparing with vaginal deli- e . 21,1%
very (4,9+4.2 vs. 2+0,7 days, 2 37 18 47.3%
p=0,14). The mean length of hos- | Labour
pital stay was 12+7,2 days. SpeIETEsS v Lt

No maternal deaths were recor- li iz © L3
ded. Postpartum hysterectomy A.bsem 25 s
was the main morbidity and all ca- Delwer}f
ses were due to MOH. It was per- Eutocic 2 >:3%
formed in 5 patients (13,2% of all Vaccum > 7’9%
patients and 29,4% of MOH). Two C-section 33 86.8%
of them were subtotal (with cervix i JEloom: e

preservation) and histology con-

. . C-section — cesarean section; PPROM — Preterm premature rupture of membranes; CTG —
firmed two cases of placenta incre-

ta.

Newborns had a mean weight
0f 2402,1+780,2g. The median 1* minute Apgar score
was 7 (0-10), 5" and 10" were, respectively, 9 and 9,5

cardiotocography.

(0-10). Twenty-eight newborns (66,7%) required Neo-
natal Intensive Care Unit admission. Most were admit-
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TABLE I1l. OBSTETRIC ICU ADMISSION CHARACTERISTICS. T.here. were 4 fetal dea.ths’
all in single pregnancies.
No. of cases Three took place before hos-
Obstetric ICU admission characteristics (n=38) Mean (SD) % pital admission, at 30, 34 and
ICU Admission Period 39 weeks, with placenta
Postparturm 37 97.4% | abruptio, DIC and HELLP
Antepartum 1 2.6% syndrome, respectively. One
Time between delivery and ICU admission occurred after major placen-
< D4 Thais 28 73.7% | tal abruption, in a 32-week
S 4 e 10 263% | patientadmitted to the hospi-
ICU Admission Primary Diagnosis tal for menace of preterm la-
MOH/DIC 17 447% | bour.
Hypertensive disorders/HELLP 8 21,1%
Respiratory failure 6 15,8%
Cardiac failure 2 5,3% DISCUSSION
Renal failure 1 2,6%
Hepatic failure 1 2,6% Obstetric care analysis is of
Septic shock 1 2,6% utmost importance to promo-
Diabetic ketoacidosis 1 2,6% te best practice and outco-
Status epilepticus 1 2,6% mes. Maternal mortality re-
Length of ICU stay (days) 4,5 (£4,1) mains the health metrics in
Range 1-19 many reports, despite its low
Length of Hospital stay (days) 12 (x7,2) rates in HIC and the discre-
Range 1-40 pancy with low-income

ICU — Intensive Care Unit; MOH — Major obstetric haemorrhage; DIC — Disseminated intravascular
coagulation; HELLP — Haemolysis, Elevated Liver enzymes and Low Platelet syndrome.

TABLE IV. ICU INTERVENTIONS.

ICU interventions No. of cases %
(n=38)
Mechanical ventilation 20 52,6%
Dialysis 3 7,9%
Plasmapheresis 1 2,6%
Anti-hipertensive drugs 15 39,5%
Anti-convulsivant drugs 10 26,3%
Blood cells transfusion® 22 57,9%
Blood products transfusion 19 50%
FFP* 11
FFP + CPP* 8
Pooled platelet concentrate transfusion 7 18,4%

*Range of units per patient: 1-12 packed red cell units (mean 5,59+3,4); 1-13

FFP units; 4-14 FFP+CPP units.

ICU — Intensive Care Unit; FFP — fresh frozen plasma; CPP — cryoprecipitate.

ted for prematurity (64,3%; n=18), neonatal surveil-
lance (14,3%; n=4) and respiratory distress syndrome

(7,9%: n=3).
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countries. As a result, mater-
nal morbidity recently beca-
me a main topic of research.
Most obstetric complications
are manageable in adult ICU. Therefore, ICU
admission may be considered an objective
marker of SMM, and its analysis a key for furt-
her improvement in maternal healthcare.

As arelatively small number of obstetric pa-
tients develop complications that require ICU
admission, a long-term analysis is more ap-
propriate, for which a 10-year study is fitted
and consistent with other published reports
on the subject. The incidence of obstetric ICU
admission in this study is in accordance with
the literature, regarding HIC" — obstetric ad-
missions represented a small proportion of
both ICU admissions (1,07%) and deliveries
(1,59 ICU admission per 1000 deliveries).

Year-to-year analysis revealed asymmetric
distribution of ICU obstetric admissions
throughout this period. Outliers were recor-
dedin 2011, 2018 and 2019, the last two mi-

micking the rise seen in Portuguese MMR*.
The demographics review showed that all patients
admitted to the ICU for obstetric reasons in 2011 lived
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in Portugal and all but one were caucasian. In contrast,
only 54,5% (n=6) and 40% (n=2) of patients admitted
in 2018 and 2019 lived in Portugal, and 54,5% (n=6)
and 80% (n=4) were non-caucasian in the same years,
respectively. As a result, we could question if these ou-
tliers’ peaks may, in part, be associated with migratory
trends. Nowadays, maternal demographics heteroge-
neity cannot be disregarded, due to the increasing mi-
gration trends, imposing new challenges on obstetric
practice. In the upcoming years, we won't be able to
perform a strictly dichotomic research (high vs. low-
income countries). Efforts must be made in order to
balance the gap, as maternal health cannot be disre-
garded by being based on the countries income level.

Proper and timely care is a universal right. Lack of
surveillance in pregnancy is a morbidity risk factor,
which can also be linked to migratory and low resour-
ce groups*. Nonetheless, most patients admitted to the
ICU had antenatal care in a different institution
(84,2%), and only 7,9% completely lacked obstetric
surveillance (n=3). Communication barriers may ad-
ditionally contribute to suboptimal care in an otherwi-
se considered proper antenatal surveillance®.

Additionally, obesity and overweight are known as
the epidemics of the 21+ century and maternal demo-
graphics is no exception. Mean body mass index of obs-
tetric patients admitted to the ICU (n=26) was 27,9
kg/m? (£5,2), with 42,3% obesity rate. This trend is of
highest importance as it could dictate poor maternal
outcomes’, besides being a modifiable risk factor.

Statistics of obstetric ICU admittance vary across li-
terature: MOH and hypertensive disorders are the two
most frequent causes, and postpartum is the main time
for ICU admission™'***. We also verified this trend in
our study, since almost all obstetric ICU admissions oc-
curred in the postpartum. Prompt recognition of ill-
ness severity and multidisciplinary team assessment,
with close interface decision for ICU admission, are
major points to pursue low maternal morbidity and
mortality'*#. This is in accordance with our study re-
sults, as time mediated between delivery and ICU ad-
mission was less than 24 hours in most cases, with low
morbidity and no mortality recorded.

MOH was the most common cause for obstetric ICU
admission in our study, with DIC diagnosed in more
than a third of these patients. Transfusion was the most
common ICU intervention, more than half with red
blood cells. Other blood products were transfused and
cannot be disregarded when facing obstetric haemorr-
hage, providing adequate patient resuscitation. All obs-
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tetric ICU admissions for obstetric haemorrhage oc-
curred in the postpartum, the majority after c-section
(70,6%, n=12).

Average weight of newborns in this group was su-
perior to the global mean weight (2911+417g vs.
2402,1+780,2¢g). Two fetal deaths occurred in this
group, one diagnosed upon hospital admission and the
second resulted of massive placental abruption, after
hospital admission for menace of preterm labour.

Postpartum hysterectomy was needed in a third of
these patients, all after c-section delivery. Their mean age
was 34,4x1,3 years, and all but one were multiparous
women. Only one patient had two previous c-sections
and concurrently a placenta previa, admitted at 36 weeks
with placental abruption. Two hysterectomies were per-
formed immediately after delivery, resulting from intra-
operatory diagnosis of placenta accreta spectrum disor-
ders (both histologically confirmed as placenta increta).
The remaining patients where reoperated, between 1 and
24 hours post-delivery. Cervix was preserved in two pa-
tients (subtotal hysterectomy), which is a common prac-
tice in this setting, since it has been associated with less
operative time and blood loss®.

Hypertensive disorders were the second most com-
mon cause for obstetric ICU admission, and the main
reason for hospital admission in this study. The majo-
rity of women were nulliparous, which is a known risk
factor for this condition.

Several reports state hypertensive disorders as the
leading cause of obstetric ICU admission, with publis-
hed rates varying between 34 and 75,6%'%!11*2°?"_ This
was the case in a Portuguese study where hypertensi-
ve disorders represented 35,5% of ICU admissions, fol-
lowed by MOH (24,7%) and sepsis/infection (20,4%).
It should be noted that specifically obstetric infections
accounted only for a fraction of the latter*”. Our results
point to the fact that, despite the important prevalen-
ce of hypertensive disorders in the ante and postpartum
period, thorough obstetric care can successfully mana-
ge these events, decreasing the need for ICU admis-
sion. Accordingly, some studies present hypertensive
disorders as the second most common cause for obs-
tetric ICU admission, with rates between 6,3 and
29,3065,16,14,2?

In this spectrum a HUS/TTP diagnosis was made. It
is should be noted that diagnosis, although difficult,
remains vital as plasmapheresis will be indicated, subs-
tantially decreasing mortality®.

Time between admission and delivery was short,
with mean gestational age upon delivery slightly supe-
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rior to the admission one (35,3+4,2 vs. 35,5+4,2
weeks). Delivery took place in the absence of labour in
65,8% of cases, one third of which in preterm preg-
nancies. C-section was the most common mode of de-
livery in women who required ICU admission, with si-
milar rates in literature'’. Whether this is the result of
the negative impact and complications secondary to
procedure or if it is needed for critically ill women is
still to be understood. In our study the criteria for most
of c-sections where pregnancy related disorders and la-
bour was absent. Additionally, more than half were
multiparous (50% with previous c-section). Two thirds
of c-sections were performed in preterm pregnancies,
a third of which under 32 weeks.

Asin similar studies, advanced maternal age and chro-
nic diseases don't appear to be associated with an in-
creased risk for obstetric ICU admission®". Young age
(mean 32+6,1 years) and low rate of chronic diseases
(36,8%) appear to be major contributors to rapid reco-
very from serious complications. Mean length of ICU
and hospital stay was 4,5+4,1 and 12+7,2 days. Mecha-
nical ventilation was needed in approximately half of pa-
tients, comparable to the rates in similar studies.

One possible study bias is the absence of strict cri-
teria for obstetric ICU admission. Nonetheless, all the
admissions where thoroughly discussed by a multidis-
ciplinary team, ensuring a criterious mode of care.

Additionally, efforts are to be made in respect to ICU
scoring systems used to predict mortality. According to
several studies, they appear unsuitable for obstetric
ICU admissions, as they’re unable to accurately predict
mortality®”!1#* thereby the absence of their analysis in
this study.

Finally, the retrospective study design can be a set-
back. However, data were retrieved from electronic fi-
les, in a single centre, which ensures accurate retrieval.

Low maternal morbidity and mortality absence are
according to current published research concerning
HIC, based on timely and adequate interventions. No-
netheless, it is still a relevant problem for any tertiary
referral centre' and an important part of obstetric prac-
tice?®. Ageing societies, migration trends and obesity
are challenges for a new era, and efforts should not be
spared regarding maternal health care management and
policies.

LIST OF ABBREVIATIONS
C-section — Caesarean section
CPP — Cryoprecipitate

CTG - Cardiotocography
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DIC - Disseminated intravascular coagulation

FFP — Fresh frozen plasma

HELLP — Haemolysis, elevated liver enzymes and low platelet syn-
drome

HIC - High income countries

HUS/TTP — Haemolytic-uremic syndrome/Thrombotic thrombocy-
topenic purpura

ICU — Intensive care unit

MMR — Maternal mortality ratio

MOH - Major obstetric haemorrhage

SMM - Severe maternal morbidity

WHO — World Health Organization
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