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OBJECTIVE: To assess the incidence of combined ad-
verse maternal and perinatal outcomes in women with
preeclampsia before and after introducing standardized
assessment and surveillance.

METHODS: This study was a preintervention (retrospec-
tive) compared with a postintervention (prospective)
cohort comparison in a single-tertiary, perinatal unit that
included women admitted to hospital with preeclampsia.
We interrogated an existing retrospective 24-month da-
tabase and then introduced the guidelines, assessing the
incidence of the combined adverse maternal and perina-
tal outcomes for 41 months (September 2003 through
February 2007). Tests of organ (dys)function were per-
formed at least as often as on the day of admission,
admission day +1, every Monday and Thursday, day of
delivery, and delivery day +1. All data were checked for
errors. The combined maternal outcome was maternal
death or one or more of hepatic failure, hematoma, or

* For members of the PIERS Study Group, see the Appendix.
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rupture, Glasgow coma score of less than 13, stroke, at
least two seizures, cortical blindness, need for positive
inotrope support, myocardial infarction, infusion of any
third antihypertensive, renal dialysis, renal transplanta-
tion, at least 50% F1O, for greater than 1 hour, intubation,
or transfusion of at least 10 units of blood products. The
combined perinatal outcome was perinatal or infant
mortality, bronchopulmonary dysplasia, necrotizing en-
terocolitis, grade III/1V intraventricular hemorrhage, cys-
tic periventricular leukomalacia, or stage 3-5 retinopathy
of prematurity.

RESULTS: Two hundred ninety-five and 405 women
were in the preintervention and postintervention co-
horts, respectively. The incidence of adverse maternal
outcome fell (5.1% to 0.7%; Fisher P<.001; odds ratio
0.14, 95% confidence interval 0.04-0.49). Perinatal out-
comes did not change.

CONCLUSION: Standardized surveillance of women
with preeclampsia was associated with reduced maternal
risk.

(Obstet Gynecol 2007;110:121-7)

LEVEL OF EVIDENCE: Il

reeclampsia remains a leading cause of maternal

mortality in North America, and we have found
that the surveillance of women with suspected or
confirmed preeclampsia is variable between practitio-
ners.! The mainstays of the management of severe
preeclampsia include “full assessment of the mother
and the baby, and delivery on the best day in the best
way.”?
It has been observed that standardizing care is
associated with reduced adverse health outcomes across
a range of disciplines and medical conditions.®'*
Failure to standardize care has been associated with
poorer outcomes.!*

We have previously undertaken a multicenter
retrospective study of 2 years of preeclampsia cases in
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three tertiary level units.”” In that study, we tested a
number of predictors of adverse maternal outcomes
against a combined adverse maternal outcome de-
rived by international Delphic consensus.!®!” This
combined adverse outcome reflects the systemic in-
flammatory nature of the maternal syndrome'®! and
assesses all vulnerable organ systems.! In an era of
generally adequate blood pressure control, maternal
mortality associated with preeclampsia is largely due
to the complications of systemic inflammation.'®

Since the time of the retrospective study, we have
developed guidelines for the assessment and ongoing
evaluation of women admitted to our unit with a
suspected or confirmed hypertensive disorder of
pregnancy. Part of a continuous quality improvement
initiative at British Columbia Women’s Hospital and
Health Centre (BC Women’s), these guidelines were
designed to evaluate comprehensively vulnerable or-
gan function and to reflect both the variable presen-
tation and the systemic nature of preeclampsia (ges-
tational hypertension with either proteinuria or
adverse conditions) and the other hypertensive disor-
ders of pregnancy. They were derived from the
pattern of investigation used in other centers of excel-
lence, and in response to international guidelines,?->2
to current practice across Canada' and preliminary
evidence that it may be possible to identify those
women most at risk of doing poorly." In this paper
we describe the incidence and pattern of adverse
maternal and perinatal outcomes before and since
introducing the guidelines.

MATERIALS AND METHODS

From the previous retrospective study,'® we identified
those patients who had been cared for at BC Wom-
en’s, from January 2000 to December 2001. The
criteria for inclusion in that study were admitted
women with preeclampsia, the hemolysis, elevated
liver enzymes, low platelets (HELLP) syndrome, or
eclampsia. The same criteria were used for the pro-
spective part of the study published here, although the
guidelines cover all women with either hypertension
in pregnancy or gestational proteinuria or both.

In this context, preeclampsia was defined as at
least two of the following: 1) hypertension (systolic
blood pressure of 140 mm Hg or greater and/or
diastolic blood pressure of 90 mm Hg or greater,
taken twice more than 4 hours apart) after 20 weeks of
gestation, 2) proteinuria defined as 0.3 g/d or more or
2+ or more dipstick proteinuria after 20 weeks of
gestation, 3) nonhypertensive and nonproteinuric
HELLP syndrome, using Sibai’s criteria,”? or 4) an
isolated eclamptic seizure without preceding hyper-
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tension or proteinuria, using the British Eclampsia
Survey Team criteria to define eclampsia.?

These guidelines were developed as a minimum
standard. The timing of the investigations was at least
as frequently as the day of admission, admission day
+1, every Monday/Thursday (ante- and postpartum),
day of delivery, and delivery day +1. Additional
clinical, laboratory, and ultrasound evaluations were
performed whenever considered necessary or pru-
dent by providers. There is no policy of mandatory
subspecialty consultation.

In addition to routine measurement of maternal
blood pressure, the investigations included the following:

1. Hematology: full blood screen, international nor-
malized ratio (INR), activated partial thrombo-
plastin time (APTT), and fibrinogen.

2. Renal: urea, creatinine, electrolytes, uric acid, and
dipstick. While other testing occurred twice weekly,
urine was also assessed by 24-hour urine for protein
and creatinine clearance (on admission and once
weekly thereafter [every Sunday/Monday]).

3. Hepatic: aspartate transaminase (AST), alanine
transaminase (ALT), lactate dehydrogenase (LDH),
bilirubin, albumin (plasma), and random glucose.
Respiratory: pulse oximetry.

5. Fetal surveillance (antenatally only): cardiotocogra-
phy (CTG; daily), ultrasound for assessment of fetal
weight (every 14 days), and amniotic fluid volume
and umbilical artery Doppler (twice weekly).
These guidelines were introduced into practice in

September 2003 through the North American prac-
tice of standing orders. Standing orders are preprinted
forms used to standardize management to improve
outcomes. The use of the standing orders was moni-
tored each weekday by two of us (J.M. and B.B.), and
those practitioners not using the orders were con-
tacted to request their use. Using a pre-/postinterven-
tion study design, we examined the influence of
introducing the guidelines on the incidence of the
combined adverse maternal outcome.

The combined outcome was maternal death or
one or more of hepatic failure, hematoma, or rupture,
Glasgow coma score less than 13, stroke, two or more
seizures, cortical blindness, need for positive inotrope
support, myocardial infarction, infusion of any third
antihypertensive, renal dialysis, renal transplantation,
50% or more FIO, for more than 1 hour, intubation,
or transfusion of 10 or more units of blood products.'®
We also assessed a combined adverse perinatal out-
come (Delphic consensus): perinatal or infant mortal-
ity, bronchopulmonary dysplasia, necrotizing entero-
colitis, grade III or IV intraventricular hemorrhage,

-
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cystic periventricular leukomalacia, or stage 3-5 reti-
nopathy of prematurity.!®

Specifically, comparisons were made based on
the incidence among 295 women from the feasibility
study of January 2000 to December 2001 (as prein-
tervention) and 405 women with completed charts
from the postintervention period of September 1,
2003, to February 28, 2007. Because the incidence
was uncommon (particularly in the postintervention
period), statistical analysis of rates and ratios were
carried out by assessing Fisher exact test and odds
ratio, using Prism 4.0 (GraphPad, San Diego, CA).
For continuous variables (demographics), Student ¢
test was used, unless otherwise stated. Significance
was set at P<.05. The study was approved by the
University of British Columbia Clinical Research

Table 1. Baseline Characteristics

Ethics Board and Children’s and Women’s Health
Centre of British Columbia Research Review
Committee.

RESULTS

Of the 594 women included in the retrospective
study,!® 295 were cared for at BC Women’s; of these,
15 women (5.1%) developed the outcome. The
postintervention cohort includes data from 405
women, of whom one was a postpartum transfer
accompanying an infant admitted for neonatal inten-
sive care.

Table 1 presents the clinical characteristics of the
women in both cohorts. Initially, use of the standing
orders for eligible antepartum women was 42%. For
the final 15 months of the study period, the use

Characteristic

Preintervention (n=295)

Postintervention (n=405) P (Fisher or t Test)

Maternal age at EDD (y)
Gestational age on admission (wk)
Early-onset disease (admission before 34+

weeks of gestation) 99 (33.6)
Multiple pregnancy (triplets: one set

preintervention, two sets

postintervention) 4 (1.4)
Parity: 1 or greater 86 (29.2)
Smoking 26 (8.8)
Corticosteroid administration 107 (36.3)
Antihypertensive use 144 (48.8)
Magnesium sulfate use 152 (51.5)

Blood pressure (mm Hg) (highest in first
24 h of admission)

30.7 (30.0-31.4)
36.0 (35.4-36.5)

Mean arterial pressure*
Systolic blood pressure
Diastolic blood pressure

Dipstick proteinuria (+) (highest in first
24 h of admission)

AST (Units/L) (highest in first 24 h of
admission)

Platelets (X 10%L) (lowest in first 24 h of
admission)

Admission to delivery interval (d) for
admissions at all gestational ages

Admission to delivery interval (d) for
women with early onset
disease (admissions before 34 weeks
of gestation)

Gestational age at delivery (wk)

Birth weight (g)*

SGA (birth weight less than third
percentile)*

121.5 (120.0-123.0)

160.4 (158.2-162.6)

102.8 (101.5-104.1)
1.55 (1.39-1.71)
78.8 (49.1-108.4)
189 (180-198)

9.35 (1.73-2.97)

4.68 (2.96-6.41)
36.3 (35.8-36.8)
2,621 (2,499-2,743)

16 (5.4)

32.5 (31.9-33.1) <.001
35.1 (34.6-35.5) 012
128 (31.6) 624
49 (12.1) <.001
104 (25.7) 344
31(7.7) 579
143 (35.3) 811
295 (72.8) <.001
186 (45.9) 147
125.1 (123.9-126.3) <.001
168.8 (167.0-170.6) <.001
105.5 (104.5-106.4) <.001
9.49 (2.37-2.62) <.001
76.3 (55.7-96.9) 886
191 (183-198) 356
3.76 (3.04-4.48) <.001
7.90 (5.92-9.88) 020
35.6 (35.2-36.0) <.001
2,415 (2,318-2,512) 009
34 (8.4) 140

EDD, estimated date of delivery; AST, aspartate transaminase; SGA, small for gestational age.
Data are expressed as mean (95% confidence interval) or n (%).

* Mean arterial pressure is diastolic blood pressure+(pulse pressure/3).
T Birth weight assessed was that of the smallest fetus in a multiple pregnancy.

* For SGA, the pregnancy was deemed to have achieved the outcome if any one fetus was born at less than the third weight percentile for

gestational age and gender.
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remained consistently above 92% for antepartum
women. Of the 404 women admitted antepartum for
whom the orders were used, the minimum frequency
of surveillance set by the standing orders was not met
in 37 (9.2%) women, with 158 (39.1%) and 209
(51.7%) receiving surveillance either matching or
exceeding the minimum frequency, respectively.

At all time periods, postpartum orders use re-
mained about 10% lower than for the antepartum
orders. The women in the postintervention cohort
were at least as unwell with preeclampsia (in terms of
objective blood pressure and renal and hepatic mark-
ers of disease severity) as the women in the preinter-
vention cohort. Women in the postintervention co-
hort were also admitted at an earlier gestational age,
were more likely to carry a multiple pregnancy, and
more likely to receive antihypertensive medications
than women in the preintervention cohort. Expectant
management was more commonly used postinterven-
tion, as reflected in the increased admission-to-deliv-
ery interval for the whole postintervention cohort.

For women admitted before 3470 weeks of gesta-

Table 2. Adverse Maternal Outcome

tion (when expectant management could be antici-
pated), the median admission-to-delivery interval was
2 days greater for the postintervention (128 of 405)
than for the preintervention (99 of 295) cohort (4
days, interquartile range 2-9, compared with 2 days,
interquartile range 1-3, respectively; Mann-Whitney
U, P<.001).

Since the introduction of the standing orders, the
incidence of the combined adverse maternal outcome
fell from 5.1% (15 of 295) to 0.7% (3 of 405); Fisher
exact test, P<.001; odds ratio 0.14 (95% confidence
interval 0.04-0.49), with a power of 0.89 (Table 2).
The combined adverse perinatal outcome did not
differ between cohorts, but there was a trend to

improved outcomes in the postintervention period
(Table 3).

DISCUSSION

Introducing standing orders was associated with a
reduced incidence of adverse maternal outcomes.
This effect was greater than we had anticipated and
than could have been expected from the experience

Preintervention

Postintervention

Outcome (n=295) (n=405) P Fisher Exact OR (95% CI)
One or more of maternal mortality or
morbidity* 15 (5.1) 3(0.7) <.001 0.14 (0.04-0.49)
Maternal mortality 0 (0) 0 (0) - -
Maternal morbidities
Hepatic
Failure 2(0.7) 0 (0) 177 0.14 (0.01-3.03)
Hematoma/rupture 0(0) 0 (0) - -
Central nervous system
Glasgow coma score less than 13 1(0.3) 0 (0) 421 0.24 (0.01-5.97)
Stroke 2(0.7) 0 (0) 177 0.14 (0.01-3.03)
Cortical blindness 0 (0) 0 (0) - -
Two or more seizures of eclampsia 3 (1.0) 0 (0) 074 0.10 (0.01-2.00)
Cardiovascular
Positive inotrope support 1(0.3) 1(0.2) 421 0.02 (0.01-5.97)
Infusion of third parenteral
antihypertensive 3 (1.0) 0(0) 074 0.10 (0.01-2.00)
Myocardial infarction 2(0.7) 0 (0) 177 0.14 (0.01-3.03)
Renal
Dialysis 0 (0) 0 (0) - -
Transplantation 0 (0) 0 (0) - -
Respiratory
Requirement of 50% or more F10, for
more than 1 h 0 (0) 2(0.5) 512 3.66 (0.18-76.61)
Intubation (other than for cesarean
delivery) 0 (0) 1(0.2) 1.000 2.19 (0.09-54.03)
Hematological
Transfusion of 10 Units or more of
blood products 7 (2.4) 1(0.2) 012 0.10 (0.01-0.83)

OR, odds ratio; CI, confidence interval; F10,, fraction of inspired oxygen.

Data are expressed as n (%).

* Some women achieved more than one outcome (one woman achieved five).

124

Menzies et al

s

L

Guidelines, Maternal Outcomes, and Preeclampsia

OBSTETRICS & GYNECOLOGY




Table 3. Adverse Perinatal Outcome

Preintervention

Postintervention

Outcome (n=295)* (n=405)* P Fisher Exact OR (95% CI)
One or more of perinatal mortality or
morbidity 26 (8.8) 24 (5.9) 181 0.65 (0.37-1.16)
Stillbirth 5(1.7) 10 (2.5) .602 1.47 (0.50-4.34)
Neonatal mortality® 5(1.7) 5(1.3) .750 0.73 (0.21-2.55)
Perinatal morbidities™
BPD 12 (4.1) 9 (2.3) 183 0.54 (0.22-1.30)
IVH (grade 3 or 4) 0 (0) 0(0) - -
cPVL 2(0.7) 0 (0) 179 0.15 (0.01-3.05)
NEC 7 (2.4) 2 (0.5) .041 0.21 (0.04-0.998)
ROP (grade 4 or 5) 0 (0) 0(0) - -

OR, odds ratio; CI, confidence interval; BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; cPVL, cystic periventricu-
lar leukomalacia; NEC, necrotizing enterocolitis; ROP, retinopathy of prematurity.

Data are expressed as n (%).

* For all adverse outcomes, the pregnancy was deemed to have achieved the outcome if any one fetus did so.

T Of liveborn infants.

of others.® The women in the postintervention cohort
were certainly not at lower risk than were those in the
preintervention cohort; they had higher admission
blood pressure, heavier admission dipstick protein-
uria, and earlier-onset disease.!” Twenty-four hour
urines were collected in less than 60% of both cohorts;
therefore, we cannot comment on the comparability
of fully assessed proteinuria. We believe that the
failure to routinely complete 24-hour collections was
due to the fact that most cases of preeclampsia arise at
term, and because those women are generally admit-
ted for delivery, 24-hour urine collection is generally
not practicable under those circumstances, even in a
tertiary health sciences center. The maternal age
differences and rising rates of multiple births (primar-
ily through assisted reproductive techniques) ob-
served between the cohorts reflect the changing ma-
ternity demographics seen in British Columbia.?

We recognize that combined adverse outcomes
always reflect a spectrum of adversity.?® For example, is
the decision to use a third antihypertensive equivalent to
the occurrence of stroke? This combined adverse ma-
ternal outcome was agreed upon by a Delphic consen-
sus of internationally recognized experts in the field.!?
We believe that it is unusual for women to receive three
parenteral antihypertensives (indeed, only 3 [0.43%)] of
the total 700 women did so). In this institution, this
would reflect perceived clinical failure by the treating
physicians (obstetrician, obstetric internist, and/or ob-
stetric anesthesiologist) of both intravenous labetalol and
hydralazine, precipitating the use of nitroprusside. We
were not prescriptive of clinical practice, and no set
guidelines were in place to guide the timing of the use of
a third parenteral agent.

The improvements in outcome came during a
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phase of increasing institutional acceptance of expect-
ant management of preeclampsia remote from term.%
It might have been anticipated that increasing use of
expectant management would be associated with
increases, rather than decreases, in maternal morbid-
ity, because most practitioners await deteriorating
maternal condition to precipitate the decision to
deliver. We identified that women in the postinter-
vention cohort admitted at less than 347" weeks of
gestation had longer admission-to-delivery intervals
than did those in the preintervention cohort, confirm-
ing our impression that local practice had changed.
There was no change in adverse perinatal outcomes
in the postintervention cohort (indeed the incidence
of necrotizing enterocolitis was lower). Although
there is the potential for a type II error, the trend
toward a decrease in adverse perinatal outcome oc-
curred in the postintervention cohort in which there
was a lower gestational age at which the women were
both admitted and delivered.

We were fortunate that the process of introducing
a standardized pattern of assessment and surveillance
for women admitted to a tertiary perinatal unit with
either suspected or confirmed preeclampsia had the
full support of the hospital administration and oc-
curred through a stepwise process of feasibility
study,' education (of medical, nursing, administra-
tion, and clerical colleagues), ongoing surveillance of
implementation, and review of outcomes.

It is possible that the apparent success of intro-
ducing the standing orders may have accrued from
the fact that they were not accompanied by manage-
ment guidelines from the outset; a group of compe-
tent providers, when asked to collect data did not feel
intimidated but did intervene more appropriately
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when presented with a standardized data set. In
comparison with the findings of Foy et al, who found
that the introduction of a complex set of guidelines
was not effective in either altering practice or stan-
dardizing care, we chose to address a single element
of the management of women admitted with the
hypertensive disorders of pregnancy, namely their
laboratory assessment and ongoing surveillance. The
Yorkshire guidelines, which were introduced to guide
the management of, rather than surveillance of,
women with severe preeclampsia, have also been
associated with reduced levels of maternal morbidity
and rates of both between-hospital transfers and in-
tensive care admissions.” Our experience with the
standing orders is complementary to that of the
Yorkshire group because our center is currently in-
troducing management guidelines to the province of
British Columbia in the context of a funded health
services research project that will assess the manner of
guideline introduction and the impact of those guide-
lines on outcomes across the province. These guide-
lines are based on those developed and introduced so
successfully in Yorkshire and the standing orders. We
believe that taking iterative steps will advance the
quality of care more effectively than would trying to
address all issues with a single large, and overwhelm-
ing, document addressing all aspects of care.

It is unclear what elements of the standing orders
may have contributed to the fall in adverse maternal
outcomes, although some have been identified
through the retrospective study' and by others.*
Certainly, before the introduction of the standing
orders, the frequency and complexity of investiga-
tions varied between clinicians, as was predicted by
our national review of practice.! We recognize that
the number of tests in the current regimen is greater
than that which is standard in most units. The identi-
fication of those elements of this standardized ap-
proach that are truly predictive of adverse maternal
outcomes is occurring through an international study
to develop an outcome prediction model for women
with preeclampsia, the PIERS (Preeclampsia Inte-
grated Estimate of RiSk) model. Once the PIERS
model has been established, then a reduced list of
investigations will be suggested to replace the current
list that we recognize is probably overly thorough
and, therefore, expensive.

The pattern of investigations has standardized the
approach within our unit. The choice of follow-up
surveillance testing being on Mondays and Thursdays
was made to improve the timing of the delivery of
infants away from times of reduced pediatric staffing,
especially for those remote from term.?! Of course,
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some or all of these investigations were performed at
other additional times, at the discretion of the attend-
ing doctor or midwife; the influence of these “un-
scheduled” tests in the management of women with
preeclampsia is a secondary outcome for the PIERS
project.

A study limitation is that we do not have data on
the eligible women who did not receive care using the
standing orders during the postintervention phase of
the study. In part, this is because we were aware of
some women who were admitted with very severe
preeclampsia and some end organ complications that
evolved to become severe enough to fulfill the com-
bined adverse maternal outcome. The physicians in
these cases chose to write their own orders that almost
matched the standing orders, but not fully. Therefore,
we would have overly biased the analyses in favor of
the standing orders.

In addition, we were underpowered to perform
logistic regression analyses to determine the magni-
tude of any possible independent effect of the stand-
ing orders in influencing the change in outcomes.
Although we have data on antihypertensive drug use
in the retrospective cohort, we do not know the
number of agents and duration of their use. Similarly,
we do not have data on the rate of cesarean delivery
in the preintervention cohort.

We recognize that the use of a preintervention
and postintervention design is another significant
limitation to this study. A better approach may have
been to have randomized women to the use of
guidelines or not. However, this methodology could
not have been blinded, and we were concerned that
the Hawthorne effect®? would have been profound
because women not randomized to the guidelines
may have received significantly more detailed care
than did those women who received care in our unit
before the introduction of the guidelines. We are also
reassured through the knowledge that the women in
the postintervention cohort were at a comparable, if
not greater, baseline risk on admission and received a
greater degree of expectant management (Table 1).

Therefore, we conclude that carefully introducing
and implementing standardized initial assessment and
ongoing surveillance of women admitted to our hos-
pital with preeclampsia has been associated with a
reduced incidence of adverse maternal outcomes.
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NZ); and Barry Walters (Subiaco, Western Australia, Australia).
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