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OBJECTIVE: To externally validate the CIPHER (Collab-
orative Integrated Pregnancy High-Dependency Estimate
of Risk) prognostic model for pregnant and postpartum
women admitted to the intensive care unit.

METHODS: A retrospective and a prospective validation
study were conducted at two reference centers in Brazil.
A composite outcome was defined as maternal death or
need for prolonged organ support (more than 7 days) or
acute lifesaving intervention. To evaluate the perfor-
mance of the CIPHER model, a receiver operating
characteristic curve was used and score calibration was
assessed by the Hosmer-Lemeshow test. We conducted a
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descriptive analysis comparing the results of the current
study with the results of the model development study.
RESULTS: A total of 590 women were included. The
composite outcome was observed in 90 (15.2%) women.
Of these, 13 (2.2%) were maternal deaths and 77 (13%)
required one or more component of organ support or
lifesaving intervention. The CIPHER model’s area under
the curve (AOC) did not show significant predictive abil-
ity (AOC 0.53, 95% CI 0.46-0.60), and consequently its
calibration was poor (Hosmer-Lemeshow test P<.05).
CONCLUSION: The CIPHER model for prediction of
mortality and need for interventions in critically ill
obstetric patients did not perform well in our Brazilian
population. Different predictors of morbidity and
mortality may need to be used for patients receiving
care in public hospitals in low- and middle-income
countries.

(Obstet Gynecol 2022;139:83-90)

DOI: 10.1097/AOG.0000000000004619

Different prediction scores have been useful in
guiding clinical decision making in a variety of
settings. Some prognostic scores widely used in inten-
sive care units (ICUs) include APACHE II (Acute
Physiology and Chronic Health Evaluation II), SAPS
II (Simplified Acute Physiology Score), SOFA
(Sequential Organ Failure Assessment), and MODS
(Multiple Organ Dysfunction Score). Application of
these scoring systems to pregnant women with life-
threatening conditions has been considered,'~” but
several factors limit their wide applicability in obstet-
ric populations. First, the physiologic parameters of
pregnancy are unique compared with nonpregnant
adults. Also, these scoring systems were developed
in high-income populations, which may reduce their
performance in other situations.®
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A proposed mathematical prognostic model, the
CIPHER (Collaborative Integrated Pregnancy High-
Dependency Estimate of Risk) model, was developed
in an obstetric population originating from 11 coun-
tries, including six low- and middle-income coun-
tries.®!0 Results from the internal validation study”
showed that CIPHER had good discriminatory power
and good calibration in the first 24 hours after ICU
admission for maternal death and organ support for
more than 7 days or acute lifesaving intervention.
This work is of relevant importance considering the
need for an internationally useful score for obstetric
population.

The aim of this study was to evaluate the pre-
dictive capability of the CIPHER prognostic model”
for pregnant and postpartum women admitted to the
ICU at two reference centers in Brazil.

METHODS

This study was conducted at two referral obstetric
centers in Brazil: the Woman’s Hospital (CAISM) at
the University of Campinas, located in the city of
Campinas, state of Sao Paulo, with data collected
between January 1, 2013, and December 31, 2015,
and at the Instituto de Medicina Integral Prof. Fernan-
do Figueira (IMIP), located in the city of Recife, state
of Pernambuco, with data collection occurring
between October 29, 2018, and September 30, 2019.
Both units are academic tertiary care centers.

The study population consisted of pregnant and
postpartum women within 42 days of childbirth who
were admitted to the obstetric ICU in the participating
institutions for at least 24 hours. Women who stayed
in the ICU for less than 24 hours were excluded.
Participants at CAISM were collected retrospectively
and participants at IMIP were collected prospectively.

At CAISM, a database had been previously built
on the Research Electronic Data Capture (REDCap)
secure web platform to enter data for all ICU patients.
Patients previously entered in this database were
included as a retrospective cohort for the current
study. This database was originally built for initial
CIPHER model development,® although only 12
patients were included in that study. The remainder
of the sample size was obtained with prospective
enrollment at IMIP.

The CIPHER model predicts the risk of pro-
longed organ support (more than 7 days) or acute
lifesaving intervention and maternal death, expressed
as a percentage.” The CIPHER model was calculated
using a specific mathematical formula based on the
following 10 variables: maternal age, surgical status
in the 24 hours preceding ICU admission (including

84 Silva et al

Prognostic Value of an Estimate-of-Risk Model

cesarean deliveries, laparotomies, and hysterecto-
mies), systolic blood pressure, Glasgow Coma Scale
(GCS) score, activated partial thromboplastin time,
serum creatinine, serum bilirubin, serum potassium,
serum sodium, and arterial blood gas pH (Fig. 1).°
The highest CIPHER score obtained within the first
24 hours of admission was used.

The main outcome was a composite of maternal
death, organ support for more than 7 days, or
lifesaving intervention. Organ support and lifesaving
interventions included in our primary composite were
the same as those used for the original study in which
the CIPHER model was developed? and are also used
as a surrogate for severe maternal morbidity defined
by the World Health Organization.!">!? Specifically,
organ support outcomes included 1) respiratory (con-
tinuous positive airway pressure, bilevel positive air-
way pressure, or invasive ventilation), 2) cardiac
(inotrope or vasopressor use), 3) continuous renal
replacement therapy for acute renal failure (hemodi-
alysis), 4) hepatic (liver transplantation and other
management of hepatic failure [for example,

Logit(p) = 3.087 + [-1.912 x 1075 (maternal age)s] +[-0.776 (positive
surgical status within 24h of admission)] + [-0.138 (Glasgow Coma Scale

score)] +[-7.123 x 1073 (systolic blood pressure)] +[-0.319 (serum
potassium)] + [1.373 x 10 * (serum sodium)2] + [4.934 x 10" (serum

bilirubin)] + [4.673 x 10" (serum creatinine)] + [1.584 x 10 (activated
partial thromboplastin time)] + [-0.570 (arterial blood gas pH)]

Logit (p) = In [p/(1-p)] = C

Where C is the value obtained from the CIPHER formula above.
So, p is the risk probability given by:

p = Exp(C)/[1 + exp(C)]

That is: p = 2.7182° / [1 + 2.71827]

And the CIPHER score in % is:

CIPHER = 2.7182° / [1 + 2.7182] X 100

Maternal age (years); surgical status (yes/no); Glasgow Coma Scale score (ordinal
units); systolic blood pressure (millimeter of mercury); serum bilirubin (micromole
per liter); serum creatinine (micromole per liter)

Fig. 1. Mathematical formula of the Collaborative Inte-
grated Pregnancy High-Dependency Estimate of Risk
(CIPHER) prognostic model. Modified from Payne BA, Ryan
H, Bone J, Magee LA, Aarvold AB, Mark Ansermino J, et al.
Development and internal validation of the multivariable
CIPHER (Collaborative Integrated Pregnancy High-depen-
dency Estimate of Risk) clinical risk prediction model. Crit
Care 2018; Oct 30;22 (1):278. Doi: 10.1186/s13054-018-
2215-6. Copyright 2018, The Author(s). Payne BA et al is an
open-access article distributed under the terms of the Cre-
ative Commons Attribution 4.0 International License (http:/
creativecommons.org/licenses/by/4.0/).

Silva. Prognostic Value of an Estimate-of-Risk Model. Obstet Gy-
necol 2021.
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ventilatory and circulatory support], management of
elevated intracranial pressure, medical therapies for
hepatitis B virus [for example, lamivudine], and anti-
coagulation for Budd-Chiari syndrome), 5) hemato-
logic (transfusion of at least 5 units of blood
products), 6) neurologic (GCS score less than 10), or
7) uterine (uncontrollable hemorrhage or infection
leading to hysterectomy).

Maternal death was defined as the death of the
woman during pregnancy or up to 42 days postpar-
tum, regardless of the duration or location of the preg-
nancy, from any cause related to or aggravated by the
pregnancy or measures related to the pregnancy but
not from accidental or incidental causes.!3 If the par-
ticipant’s state of consciousness was compromised by
the effect of residual anesthesia or use of sedation, the
normality parameter evaluated by GCS score was
used. !4

We collected information on marital status,
weight, body mass index (BMI, calculated as weight
in kilograms divided by height in meters squared),
number of prenatal visits, number of pregnancies,
number of deliveries, the reason for admission to the
ICU, timing of admission (antepartum or postpar-
tum), gestational age at ICU admission, transfer to
external ICU, length of ICU stay, stillbirth, early
miscarriage and early neonatal death (from birth up to
the 7th day of life).

A single case report form built in the REDCap
platform was used at both IMIP and CAISM sites for
standardization of data collection. The form was
piloted with 10 women who met the inclusion criteria
before initiation of data collection. Each patient’s clin-
ical and laboratory data were collected from medical
records retrospectively for CAISM and prospectively
(during the period of hospital stay) for IMIP. Quality-
control procedures for the data were performed by
double independent abstraction of information from
clinical records.

There was ongoing verification of data entry and
correction of inconsistencies. Missing information in
medical records was searched for in other sources,
such as the hospital’s laboratory database, prenatal
care booklets, and clinical documentation at the time
of transfer. Data were obtained for each woman for
the calculation of the probability of the primary out-
come using the CIPHER model.

For statistical analysis, SAS 9.2 and the Stata 12
programs were used. For comparison of baseline
characteristics of groups with and without the com-
posite outcome, the x? test was used for categorical
variables, and the Fisher exact test was used for ex-
pected values less than five. The Mann-Whitney test
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was used for numerical values given a nonnormal dis-
tribution of variables. A significance level of 5% was
adopted.

Relationship between each variable in the
CIPHER model and the composite outcome was
evaluated by performing logistic regression analysis
with univariable and multivariable models with re-
porting of odds ratios and 95% Cls.

A receiver operating characteristic curve was used
to show the counterbalance between sensitivity and
specificity.!> Score calibration was assessed by
Hosmer-Lemeshow test that compared the predicted
risk of outcome based on the CIPHER score with the
occurrence of actual outcome.!6

The performance of the CIPHER model was
evaluated according to the power of discrimination
and calibration in line with the reporting standard
recommended by the TRIPOD statement.!> The
power of discrimination was obtained by the area
under curve (AUC),!7 classified as poor (AUC less
than 0.69), acceptable (AUC 0.7-0.79), good (AUC
0.8-0.89) and excellent (AUC 0.9 or greater).!819 A
good calibration implies value of Hosmer-Lemeshow
test P>.05.1920 We conducted a descriptive analysis
comparing the results of the current study with the
results of the initial model development study.

Independent research ethics board approval for
the prospective portion of the study was obtained at
IMIP (CAAE: 97753618.5.1001.5201). All prospec-
tively enrolled patients were informed of the objec-
tives and methods of the study, and only those who
provided written consent were included. The retro-
spective data collection was considered exempt from
requiring a written informed consent; however, the
protocol had institutional review board approval at

CAISM.
RESULTS

Over the study period, 994 women were admitted to
the obstetric ICU at both centers. Of these, 404 were
excluded because they were gynecologic patients
(n=146), stayed for less than 24 hours within the
ICU (n=240), or were more than 42 days postpartum
(n=18). Therefore, a cohort of 590 women was
analyzed.

Characteristics of the study population are pre-
sented in Table 1, comparing women with and with-
out the composite outcome, as previously defined.
Most of the women with the composite outcome were
older, had lower BMIs, and were admitted for obstet-
ric reasons. Furthermore, they more often had a vag-
inal birth, were admitted to the ICU in the postpartum
period for longer and suffered a greater number of
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Table 1. Characteristics of the Study Population

Women Without the Women With the
Characteristic Primary Outcome (n=500) Primary Outcome (n=90) P
Demographics
Age (y) 27 (22-33) 29 (23-36) .046
Marital status
Married 373 (74.6) 70 (77.7) .800
Single 110 (22.0) 17 (18.8)
Missing 17 (3.4) 3 (3.3)
BMI (kg/m?) 29 (25-33) 25 (21-29) <.001
No. of prenatal visits
Fewer than 6 300 (60.0) 45 (50.0) .138
6 or more 150 (30.0) 31 (34.4)
Missing 50 (10.0) 14 (15.5)
Gravidity 2 (1-3) 2 (1-3) 157
Parity 1 (0-2) 1 (0-2) .395
Details of ICU admission
Reason for admission
Obstetric* 345 (69.0) 67 (74.4) .049
Nonobstetrict 137 (27.4) 16 (17.7)
Both 15 (3.0) 5 (5.5)
Missing 3 (0.6) 2(2.2)
Timing of admission
Antepartum 180 (36.0) 14 (15.5) <.001
Postpartum 292 (58.4) 75 (83.3)
Missing 28 (5.6) 1(1.1)
Gestational age (wk) at admission 30 (25-34) 25 (16-34) 134
(only for women admitted antepartum)
External ICU transfer (yes) 4(0.8) 1(1.1) .564
Length of ICU stay (h) 63 (40-109) 102 (75-253) <.001
Pregnancy outcome
Early pregnancy loss before 22 wk
Yes 9 (2.0) 3(3.4) 492
Missing 43 (9.7) 11 (12.6)
Live birth
Yes 352 (81.1) 62 (73.8) .082
No (stillbirth) 27 (6.2) 11 (13.1)
Missing 55 (12.6) 11 (13.1)
Early neonatal death
Yes 15 (3.0) 9 (10.0) .008
Missing 93 (18.6) 17 (18.8
Mode of birth
Vaginal 87 (20.0) 24 (28.5) .046
Cesarean 318 (73.2) 59 (70.2)
Missing 29 (6.6) 1.1
Still pregnant at hospital discharge
Yes 57 (11.4) 3(3.3) .009
Missing 28 (5.6) 1(1.1

BMI, body mass index; ICU, intensive care unit.

Data are median (interquartile range) or n (%) unless otherwise specified.

Bold indicates significance.

* Obstetric reasons for admission included shock, massive postpartum hemorrhage, peripartum cardiomyopathy, acute pulmonary edema
secondary to preeclampsia, eclampsia, septic abortion, other septic maternal complications, and surgical trauma.

* Nonobstetric reasons for admission included cardiac arrhythmia, cardiogenic pulmonary edema, pulmonary hypertension, cardiac arrest,
pneumonia, respiratory failure, gastrointestinal perforation or obstruction, diabetic ketoacidosis, deep venous thrombosis, pulmonary
embolism, and severe infection with sepsis.

perinatal deaths. The composite outcome was  more organ support or lifesaving intervention. The
observed in 90 (15.2%) women. Of these, 13 (2.2%)  most common lifesaving intervention outcome was a
were maternal deaths, and 77 (13%) required one or ~ hysterectomy for uncontrollable hemorrhage or

86 Silva et al Prognostic Value of an Estimate-of-Risk Model OBSTETRICS & GYNECOLOGY



infection that occurred before the ICU admission or
during the ICU stay (Table 2).

Results of univariable and multivariable logistic
regression analyses to study the relationship between
the CIPHER variables and the composite outcome
are shown in Table 3. According to the results of the
multivariable analyses, maternal age, surgical history
in the preceding 24 hours, systolic blood pressure, the
GCS score and arterial pH were significantly associ-
ated with the outcome. Women with the highest risk
of outcome were those with older age (3.9% increased
risk per year), a surgical history (3.6 times increased
risk), lower systolic blood pressure (2.7% increased
risk per 1 mm Hg decrease), lower GCS score
(22.7% increased risk per one point decrease) and
lower pH (60% increased risk per 0.1-unit decrease).

The CIPHER model had poor predictive capa-
bility for our primary composite outcome (AUC 0.53,
95% CI 0.46-0.60) (Fig. 2), and consequently its cal-
ibration was also poor (Hosmer-Lemeshow test 16.7,
P=.03) (Fig. 3). The performance was poor compared
with the AUC in the initial model development study,
in which the AUC was 0.84 (95% CI 0.83-0.85).Y

DISCUSSION

The CIPHER model had poor predictive capability in
our population. These findings differ from the CIPHER
model development study,” in which an AUC of 0.82

was found after adjustment for internal validation. We
had only three (0.5%) patients with a CIPHER score of

50% or greater, which was the best cutoff to predict the
primary composite in the development study. In the
initial study conducted by Payne et al,” there were 59
(7.6%) patients with a CIPHER score of 50% or greater,
and 39 (66%) of them had the composite outcome.
Additionally, the number of deaths in the internal vali-
dation study was 59 (7.7%), whereas we had only 13
(2.2%), which suggests that our population had less
severe outcomes.”

The observed difference in predictive capability
between the initial study and our study may be due to
the fact that the majority (57.6%) of the composite
outcomes from the internal validation study came
from one country, Pakistan.” It is possible that char-
acteristics of the clinical setting in Pakistan differed
from the present setting in Brazil, such as the finding
of more septic obstetric patients requiring ICU admis-
sions. In addition, there could be differences between
settings for the two studies regarding the threshold for
ICU admission, chronic underlying medical condi-
tions and the availability of hospital resources.

Most of the women with the composite primary
outcome were admitted for obstetric reasons. Hysterec-
tomy was the most common lifesaving intervention,
totaling 50 (8.5%) hysterectomies, whereas, in the model
development study, only 16 (2%) hysterectomies were
performed.? In contrast, in the model development
study, women with the composite outcome were more
frequently admitted for nonobstetric reasons (74.8%),
and the need for respiratory support was the most

Table 2. Incidence of Maternal Death and Maternal Morbidities (Intervention Criteria Grouped by the

Organ Involved)

Outcome

Definition Total (N=590)*

Maternal death
Organ support

Death during or within 42 d of delivery
Includes any of the components independent of survival

13 (2.2)

Respiratory Need for CPAP, BiPAP, or invasive ventilation 17 (2.9)
Cardiovascular Need for use of inotropes or vasopressors 3(0.5)
Renal Hemodialysis for acute renal injury or failure 2 (0.3)
Hepatic Liver transplantation; other management of hepatic failure 1(0.1)
includes ventilatory and circulatory support, management of
elevated intracranial pressure and renal failure, medical
therapies for hepatitis B virus (lamivudine); anticoagulation for
Budd-Chiari syndrome
Hematologic Massive transfusion of 5 or more units of blood products 28 (4.7
Neurologic GCS score less than 10 203
Uterine Uncontrollable hemorrhage or infection leading to lifesaving 50 (8.5
hysterectomy
Total no. of women with the 90 (15.2)

composite outcome

CPAP, continuous positive airway pressure; BiPAP, bilevel positive airway pressure; GCS, Glasgow Coma Scale.

Data are n (%).

All outcomes by organ involved required the use of lifesaving intervention for more than 7 days to meet the outcome criteria, except

hematologic and uterine support (not mutually exclusive).
* Not mutually exclusive.
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Table 3. Univariable and Multivariable Analyses for the Risk of the Composite Outcome

Patient Characteristic

Univariable OR (95% CI)

Multivariable OR (95% CI)

Maternal age (y)

Medical operation in preceding 24 h (yes)
Highest systolic blood pressure (mm Hg)
Lowest GCS score

Lowest arterial blood gas pH

Highest aPTT

Highest serum potassium

Highest serum sodium

Highest creatinine

Highest bilirubin

1.03 (0.99-1.06)
3.35 (2.08-5.39)
0.98 (0.97-0.99)
0.73 (0.64-0.83)
0.32 (0.24-0.44)

1.04 (1.00-1.08)
3.56 (2.03-6.23)
0.97 (0.96-0.99)
0.77 (0.66-0.90)
0.40 (0.29-0.56)

1.03 (1.01-1.05) 1.02 (0.99-1.04)
1.20 (0.83-1.74) 0.88 (0.56-1.38)
1.03 (0.96-1.10) 1.04 (0.96-1.13)
1.02 (0.99-1.04) 1.02 (0.99-1.05)
1.09 (1.02-1.16) 1.03 (0.94-1.12)

OR, odds ratio; GCS, Glasgow Coma Scale; aPTT, activated partial thromboplastin time.

Bold indicates significance.

common lifesaving intervention (73%). We speculate
that our patients had more obstetric causes for ICU
admission, which may explain the increased hysterec-
tomy rate. This intervention, in turn, may have pro-
tected them from other organ dysfunctions.
Emergency obstetric hysterectomy is recognized as a
lifesaving intervention responsible for reducing maternal
mortality related to both hemorrhage and infection.?!-23
Notably, our study was performed in two obstetric
ICUs, whereas the original study was performed pre-
dominantly in general ICUs, perhaps prioritizing the
admission of severely ill nonobstetric patients.

Only 5 of the 10 CIPHER model variables were
significantly associated with the primary outcome in
multivariable analyses: maternal age, surgical history,
systolic blood pressure, GCS score, and arterial pH.
Two of these variables (GCS score and arterial pH)
were strongly associated with maternal death in the
Maternal Severity Index developed in Brazil.® Blood
pressure was associated with severe maternal morbid-
ity with an AUC of 0.90 (95% CI 0.74-1.0) in another
Brazilian study?* that evaluated the performance of
the SOFA score applied in cases of severe maternal
morbidity. However, the Maternal Severity Index
does not predict severe maternal outcomes, and the
CIPHER model was developed to fill this gap.

Although the primary outcome occurred more
frequently at IMIP than at CAISM, there was not a
significant difference between the centers in the
performance of the CIPHER model. Because both
centers are public hospitals and have obstetric ICUs,
their populations likely had similar characteristics. In
addition, both of these centers are tertiary care referral
centers, which might mean that patients were
promptly treated and arrived at the ICU in less severe
conditions than in nontertiary care settings, thereby
reducing observed maternal death events.?

88 Silva et al
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Vaginal birth was associated with the primary
composite outcome. These births probably occurred
in settings where assistance could be precarious owing
to incomplete obstetric teams or absence of protocols
in the setting of acute complications. Lower BMI was
also associated with the outcome; this may be
noteworthy because anemia, which is more common
among underweight woman, exacerbates the effects of
hemorrhage and may lead to higher rates of blood
transfusion and hysterectomy.26-27

1.0
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Sensitivity

0.4

0.2 4
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Fig. 2. Receiver operating characteristic curve for assessing

the performance of the CIPHER (Collaborative Integrated

Pregnancy High-Dependency Estimate of Risk) model for

the external validation study. Area under curve: 0.53;

P=.37;95% Cl 0.46-0.60. Cutoff: CIPHER model 11.6% or

greater.
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