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Abstract

Introduction—Severe maternal morbidities include 25 complications resulting from, or
exacerbated by, pregnancy. Nationally, in the last decade, these rates have doubled.

Objective—This study describes trends in the rates of severe maternal morbidities at the time of
hospitalization for delivery among different groups of Wisconsin women.

Methods—Hospital discharge data and ICD-9-CM diagnosis and procedure codes were used to
identify delivery hospitalizations and rates of severe maternal morbidity among Wisconsin women
from 2000 to 2014. Subsequent analyses focused on recent years (2010-2014). Rates of severe
maternal morbidity were calculated per 10,000 delivery hospitalizations for all 25 severe maternal
morbidity conditions as well as 24 conditions (excluding blood transfusions). Rates and rate ratios
were calculated overall and for racial/ethnic groups, age groups, public health region of residence,
and hospital payer. Median hospital length of stay and median hospital charges were compared for
delivery hospitalizations with increasing severe maternal morbidities.

Results—Severe maternal morbidity rates increased 104% from 2000 to 2014 (P for trend
<0.01). After excluding blood transfusions, rates increased 15% (P for trend <0.05). From 2010 to
2014, overall rates were stable over time, but varied by maternal age, race/ethnicity, payer, and
public health region of residence. Median hospital charges and length of stay increased as the
number of morbidities increased.

Conclusions—Monitoring severe maternal morbidities adds valuable information to
understanding perinatal health and obstetric complications in order to identify opportunities for
prevention of severe morbidities and improvements in the quality of maternity care.
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INTRODUCTION

Considerable progress has been made in the United States to reduce pregnhancy-related
deaths.! This is reflected in Wisconsin, where maternal mortality remains below the national
average (16.0 per 100,000 live births) at 5.9 deaths per 100,000 live births.2 Though
maternal deaths are relatively rare, it is estimated that for each death another 50 women
experience serious complications related to pregnancy.3 While maternal deaths traditionally
have been the key indicator for maternal outcomes, the prevalence of serious pregnancy
complications—or severe maternal morbidities—can provide a more comprehensive picture
of perinatal health issues when examined along with maternal deaths.34

Nationally, there are efforts to expand maternal health surveillance beyond maternal death to
severe maternal morbidity, which may have both short- and long-term consequences for
childbearing women.® Included in these efforts is the development of a standardized measure
that utilizes diagnostic codes from hospital data to identify delivery hospitalizations with at
least 1 of 25 severe conditions.3> These conditions often are associated with long hospital
stays and high medical costs at the time of delivery and, for some women, well into the
postpartum period.*

In the past decade, reported severe maternal morbidity nationally has increased from 79 to
163 per 10,000 delivery hospitalizations—a 106% increase—suggesting a need to improve
the quality of maternal care and identify high-risk women for targeted interventions in the
perinatal period.*8 Estimating severe maternal morbidity at the state level is an important
extension of this work, since state health departments are well-positioned to share the
information with multiple partners who work closely with and within healthcare systems. To
date, statewide surveillance of severe maternal morbidity has not been put into practice in
Wisconsin, but may offer insights for identifying opportunities to prevent maternal deaths
and address quality in perinatal care.3 This analysis utilizes the standardized measure for
severe maternal morbidity to describe temporal trends and identify groups at increased risk
in Wisconsin.

METHODS

Wisconsin’s hospital discharge data was used to identify delivery hospitalizations to
Wisconsin women from 2000 to 2014. This data contains hospital admission and discharge
encounters in Wisconsin facilities regardless of payer. In addition, delivery hospitalizations
for Wisconsin residents in Minnesota facilities were included, as approximately 1,200
Wisconsin resident births (2%) and as many as 98% of births to women residing in some
western Wisconsin counties occur in Minnesota facilities. Any hospitalizations of out-of-
state residents in Wisconsin facilities were excluded from analysis. Delivery hospitalizations
were identified with pregnancy-related International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) diagnosis and procedure codes using methods
previously described by Kuklina and colleagues.®

To identify delivery hospitalizations with severe maternal morbidity, 25 conditions present at
the time of delivery hospitalization among Wisconsin residents were identified with ICD-9-
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CM diagnosis and procedure codes using methods described by Callaghan and colleagues.*
A severity recalculation was applied to account for implausibly short length of hospital stay,
such that delivery hospitalizations identified by diagnosis codes were reclassified as non-
severe maternal morbidity delivery hospitalizations if the length of stay was less than the
90! percentile.4

The severe maternal morbidity rate was calculated as the number of delivery hospitalizations
with at least 1 condition per 10,000 delivery hospitalizations, and the Cochran-Armitage test
for linear trend was used to examine changes from 2000 to 2014. To statistically test
apparent stabilization in more recent years, Joinpoint software was used to identify the best

fit line for trends, including detection of any changes in the slope of the trend line over time.
7

To provide a more detailed look at trends and disparities in recent years, delivery
hospitalizations from 2010 to 2014 were the focus of subsequent analyses. Rates were
calculated separately for each condition as well as hospital stay payer (private, Medicaid,
and other—eg, all other payers including Medicare, other governmental payer, self-pay, or
unknown), age categories (less than 20 years, 20-24 years, 25-29 years, 30-34 years, 35-39
years, and 40 or more years), race/ethnicity (Hispanic, non-Hispanic white, non-Hispanic
black, non-Hispanic American Indian/Alaska Native, non-Hispanic Asian/Pacific Islander,
and non-Hispanic other), delivery type (vaginal, primary cesarean, and repeat cesarean) and
public health region of residence (western, northern, northeastern, southeastern, and
southern). Crude rate ratios were calculated to compare rates within these categories.

Delivery hospitalizations with severe maternal morbidity were categorized as having 0, 1, 2,
or 3 or more conditions. In addition, median hospital length of stay and median total hospital
charges for delivery hospitalizations with no severe maternal morbidity were compared to
delivery hospitalizations across these categories. The Wilcoxon Rank Sum test was used to
compare median length of stay and charges for each category compared to the category with
fewer severe maternal morbidities as the comparison group (eg, 1 vs 0, 2 vs 1, and 3+ vs 2).

Two severe maternal morbidity rates were calculated across all analyses: (1) a morbidity rate
including all 25 conditions, and (2) a 24-condition morbidity rate excluding blood
transfusion. The 25-condition rate usually is dominated by transfusion as the leading severe
maternal morbidity condition, so an examination of the 24-condition rate allows for an
assessment of trends and other findings independent of the impact of transfusion.® This
comparison is valuable, as hospital discharge data does not include information about the
number of units of blood transfused, and transfusions of less than 4 units may
inappropriately classify delivery hospitalizations as those with severe maternal morbidity. ~-
values of less than 0.05 were interpreted as statistically significant for all comparisons and
statistical tests. All statistical analyses were conducted in SAS version 9.4 (SAS Institute,
Cary, North Carolina) and Joinpoint version 4.3.1.0.
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RESULTS

A total of 995,179 delivery hospitalizations occurred among Wisconsin women between
2000 and 2014. Of those, 7,999 were identified with severe maternal morbidity (overall
rate=80.4 per 10,000 delivery hospitalizations, 95% C1=78.6, 82.2), but 1,894 (19.1%) were
reclassified as non-severe maternal morbidity hospitalizations due to length of stay less than
the 90th percentile. The severe maternal morbidity rate increased 103.6% between 2000 and
2014 (Pfor trend <0.01; see Figure), and we identified 1 point where the slope of the trend
line changed significantly. While the rate increased from 2000 to 2007 (/<.01), there was no
significant change from 2008 to 2014 (P=0.14). After removing blood transfusions, there
were 3,812 delivery hospitalizations with severe maternal morbidity from 2000 to 2014
(overall rate=38.3, 95% CI=37.1, 39.5), with a 14.7% increase during this time period (~ for
trend=0.04). No changes in the slope of the trend line were identified.

From 2010 to 2014, there were 320,745 delivery hospitalizations. Of those, 3,229 were
identified with severe maternal morbidity (rate=100.7, 95% CI=97.2, 104.1), and 572
(15.0%) were reclassified as non-severe maternal morbidity hospitalizations due to length of
stay less than the 90th percentile. This rate remained stable during the time period (P for
trend=0.90). After removing blood transfusions (24-condition rate), there were 1,266
delivery hospitalizations with severe maternal morbidity (rate=39.5, 95% C1=37.3, 41.7), a
rate that remained virtually stable (percent decrease=0.6%, P for trend=0.88).

Table 1 shows the number and rate of each condition, ordered by highest rate. Among
delivery hospitalizations with severe maternal morbidity, 12.8% (n=414) had more than 1
condition. Both hospital charges and length of stay increased significantly with each
additional severe maternal morbidity for the 25-condition analysis (£<0.01 for each
comparison), and results were similar for the 24-condition analysis with the exception of 3+
vs 2 conditions (Table 2). Table 3 shows rates and rate ratios by demographic and
geographic subgroups. We observed disparities by age, race, payer, mode of delivery, and
region.

DISCUSSION

Our observations for the most commonly documented severe maternal morbidity conditions
and increasing trend over time are consistent with other studies.3 Blood transfusions, which
accounted for most of the increase in severe maternal morbidity over time, may relate to
postpartum hemorrhage.3 It is well understood that prior cesarean delivery increases the
risk for abnormal placentation in subsequent deliveries, potentially leading to hemorrhage.
Further, placental abnormalities, labor induction, cesarean deliveries, and instrumental
delivery have increased, which may be related to prenatal obesity and advanced maternal
age.58-13 Increases in severe maternal morbidity nationally have been attributed to maternal
factors such as obesity, cesearean delivery, and chronic health conditions.14 Publicly
available data from the Wisconsin Department of Health Services indicate that the
proportion of cesarean delivery births increased from 17% to 25% from 2000 to 2007 but
remained stable from 2008 to 2014 (25% vs. 26%).15 Further, the Centers for Disease
Control and Prevention’s Pregnancy Risk Assessment Monitoring System, a population-
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based survey targeting mothers with a live birth, indicates that the proportion of Wisconsin
women who were obese prior to pregnancy has remained stable since 2008.18 While
previous studies have identified higher risk of severe maternal morbidity for cesarean
deliveries,>14 it is unclear whether severe maternal morbidity increases the risk for cesarean
delivery or vice versa. Future examination of prepregnancy maternal health may assist in
understanding the relationship between severe maternal morbidity and mode of delivery.

A challenge in understanding blood transfusion trends relates to how the ICD-9-CM code is
used in practice in events such as postpartum hemorrhage. This condition is often clinically
defined as blood loss greater than 500 ml for a vaginal delivery and 1,000 ml for cesarean
delivery,>17 thresholds that are good predictors of the need for blood transfusion.1’
However, the ICD-9-CM code for blood transfusion does not include information for
important contextual details such as units of transfused blood, which may be an important
indicator of severity, particularly as calls for in-hospital reviews of severe maternal
morbidity suggest reviewing cases where women receive 4 or more units of blood.18 In
addition, lack of detailed clinical information and changes in clinician use of blood
transfusion over time further limits our ability to fully explain the increase in blood
transfusions in Wisconsin.®

Our findings for median length of stay and hospital charges likely reflect that women with
multiple severe maternal morbidities may tend to have more severe or complex medical
complications during delivery hospitalization, which may require longer and more expensive
hospital care. Of interest, median length of stay and charges were lower for 25-condition vs
24-condition severe maternal morbidity. This may reflect the predominance of blood
transfusions in the 25-condition definitions such that some of those hospitalizations with
only blood transfusion may be relatively minor in comparison to the other 24 conditions.

Disparities for severe maternal morbidity by demographic characteristics followed very
similar patterns to those recently reported for maternal mortality in Wisconsin.2 The rare
occurrence of maternal death and small population size for some racial/ethnic groups in the
state prevent the ability to examine disparities in maternal mortality across all groups. Thus,
severe maternal morbidity can provide a mechanism for identification of these disparities in
maternal health and outcomes.

Some limitations of this study should be noted. First, we included only delivery
hospitalizations; consequently, women hospitalized prenatally or postpartum for any of the
25 severe maternal morbidity conditions are not captured in our estimation of severe
maternal morbidity burden if these conditions were not also present at delivery. Further,
though we utilized a validated method for identifying severe maternal morbidity, the use of
ICD-9-CM codes for the analysis may result in misclassification as coding practices can
vary among medical coders by facility or over time. In addition, the severe maternal
morbidity conditions described here each include multiple ICD-9-CM codes, which might
obscure whether a few codes disproportionately account for the events in some categories.
For example, Wisconsin’s rate for operations on the heart, pericardium, and other vessels
category was substantially higher than the US rate.# Upon examination of the ICD-9-CM
codes contributing to this category, we observed that suture of artery (39.31) was the most
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common code within this category and very few codes were related to the heart or
pericardium. Finally, hospital data does not include contextual information that could
enhance the analysis. For example, there are few fields within the dataset that allow for
adjustment for potential confounders beyond basic demographic information, including risk
factors such as obesity, poverty status, late or no prenatal care, prior cesarean delivery, or
prepregnancy medical condition.120-22 Consequently, differences identified by geography,
demographics, and hospital payer should be interpreted cautiously, as we did not conduct
analyses to adjust for confounders. Analyses utilizing hospital discharge data linked to the
newborn hospitalization and birth certificate would enable a more complete exploration of
contributors to differences and trends in severe maternal morbidity.

CONCLUSIONS

Despite these limitations, our analysis of severe maternal morbidities adds to the
understanding of perinatal complications in Wisconsin. The Wisconsin Maternal Mortality
Review Team has been able to glean some limited information about the increased risk of
chronic disease on maternal health, but continued surveillance of severe maternal
morbidities would provide more in-depth understanding.? In addition, it is important for
physicians and hospitals to be aware of the trends and current distribution of severe maternal
morbidities among Wisconsin mothers as they identify needs for quality improvement
related to perinatal care. The American College of Obstetricians and Gynecologists
recommends that hospitals or birth facilities develop and maintain their own severe maternal
morbidity review process to address opportunities for system and caregiver improvement.14
Our analyses provide important information about groups of women at risk for severe
pregnancy complications, which could help identify areas for targeted intervention. Further,
our use of a standard approach for identifying and tracking maternal complications provides
clinicians and public health partners with a framework for exploring opportunities to
improve perinatal care and outcomes.
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Figure.
Severe Maternal Morbidity Rate, Wisconsin 2000-2014

Abbreviation: SMM, severe maternal morbidities.
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Severe Maternal Morbidity Rates by Condition for Delivery Hospitalizations, 2010-2014

Table 1

Delivery Hospitalizations

Rate Per 10,000

Condition No.  Delivery Hospitalizations  95% CI
Blood transfusion 2,214 69.0 66.2,71.9
Operations on heart, pericardium, and other vessels? 2711 8.4 7.4,9.5
Hysterectomy 245 7.6 6.7,8.6
Disseminated intravascular coagulation 221 6.9 6.0,7.8
Heart failure during procedure or surgery 147 4.6 3.8,5.3
Acute renal failure 130 4.1 3.4,4.7
Adult respiratory distress syndrome 122 3.8 3.1,45
Ventilation 99 3.1 25,37
Eclampsia 85 2.7 21,32
Shock 81 2.5 20,31
Sepsis 62 1.9 15,24
Puerperal cerebrovascular disorders 35 1.1 0.7,15
Cardio monitoring 28 0.9 05,12
Pulmonary edema 27 0.8 0.5,1.2
Thrombotic embolism 27 0.8 0.5,1.2
Sickle cell anemia with crisis 18 0.6 0.3,0.8
Internal injuries of thorax, abdomen and pelvis 14 0.4 0.2,0.7
Amniotic fluid embolism 12 0.4 0.2,0.6
Cardiac arrest or ventricular fibrillation 12 0.4 0.2,0.6
Conversion of cardiac rhythm 12 0.4 0.2,0.6
Severe anesthesia complications 11 0.3 0.1,05
Intracranial injuries 5 b b
Acute myocardial infarction 4 b b
Aneurysm 1 b b
Temporary tracheostomy 1 b b

a . . . .
Category has been renamed to clarify the inclusion of operations on other vessels.

b S
Rates and Cls not calculated for severe maternal morbidity with fewer than 10 events.
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Table 2

Median and Range of Length of Hospital Stay and Hospital Charges by Number of Severe Maternal
Morbidities Among Delivery Hospitalizations, Wisconsin, 2010-2014

25-Condition SMM 24-Condition SMM
LOS(Days) Hospital Charges LOS(Days) Hospital Charges

0 SMM 2 $8,954 2 $8,983

1sMM 34 $18,8914 44 $23,6199
25SMM 50 $34,9750 62 $52,4260
3+ SMM 6C $68,895¢ 7 $78,874¢

Abbreviations: SMM, severe maternal morbidity; LOS, length of hospital stay.
aSignificantIy different from 0 SMM, ~<0.01.
bSignificantIy different from 1 SMM, A<0.01.

cSignificantIy different from 2 SMM, A<0.01.

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

WMJ. Author manuscript; available in PMC 2019 February 07.



Page 11

Gibson et al.

aoualaey (681 '9'ST) ¢'LT 90¢ EJIDIEIER] (019 '6'75) 6'2S 909 [eu1Ben
adA Asanija@
(8T2T)ST (025 'sTY) 8'9Y T0€ (LT'eT)ST (0'TeT ‘'9'%0T) 8°2TT 9zL ulayInos
TTDVT (zLv'g6E) SEY 8¢S GTTDVT (20T ‘1°96) L'TOT 652'T uJalseayINos
(Zt'omer (5L '5'1€) §'6€ 6 (8T'€T)ST ('L2T '€'00T) 6°ETT 1.2 UIayuoN
(z1'80)60 (0v€ '8'Ge) 662 20z GTTTET (50T *2°06) 286 €99 UISISEAYLION
aouRIByRY (L€ '7'92) 8°TE €T 80UBI3J0Y (L'€8'6'99) £'GL 01¢ UIBISIN
9duapIsal JO co_mw‘_ Yyijesy aljgnd
(Gz2'sT)6T (L¥8°L72S) L'89 TL (8TTTST (7'LyT ‘T¥0T) 8'GeT 0T e}
eTTmCT (09v '8'8¢) ¥'2v £vS GTeDVT (6'92T '6'¥TT) 6021 8rS'T preaipsin
aouaIegey (5'8€ ‘0°€E) 8'SE 259 80UBJRYY (€68 ‘6'08) T'38 T6G'T 8JeAlld
JaAed
(9z'01) 9T (928 '£'82) 556 9T (21'80) 21T (T'L€T '6'€9) G'00T 6¢ 13410 d1uedsiH-uoN
6TL0TT (509 ‘6'8T) 2'6€ vT rZzv1)8T (5'00Z ‘€'LTT) 6'8GT 95 BAIBN ©YSB|\//URIpU| UBDLIBLIY JlUBdSIH-UON
@TTIYVT (c09 ‘0°9€) T'8Y 19 @T€T)9T (0°9GT ‘¥'STT) L'GET Ut 18pUe|S| Oly10Bd/URISY JlUBdSIH-UON
(St'omeT (6'6% ‘svE) T2V 91T (OT'eT)IST (9°6€T ‘0°€TT) €'92T LvE oluedsiH
(Tz'sT)8T (869 ‘229 €19 161 6T9T)LT (€791 ‘L¥ET) 0'8YT 9y »2e1q d1uedsiH-UoN
20URIBNRY (cLe'eee) Lve GLL 30URI3J0Y (006 ‘€'28) 2'98 76T 3NYM d1uedSIH-UON
mb_o_c_ﬁw\momm
Tv'vaTe (9921 ‘1°62) 8'20T 2L (9z'8T)TC (6'2TZ ‘8'67T) ¥'T8T LTt +0y
rz'21)0C (rvL 'z'LS) 8'99 Lee (LT'eT)ST (7'ovT 'S'9TT) ¥'82T ery 6€-G€
GTTTET (zoy '8'9g) 0'TY 99¢ (zt'0oDTT (2’66 '0'28) £'€6 ees v€-0¢
30URIBYRY (e9e ‘z6e) L'ze zee 30UBI3JY (T'16 ‘2'6L) 158 998 62-G¢
(012060 (0ze ‘0ve) 082 06T (€T'01)CT (z'90T '€'16) 8'86 0.9 ve-0¢
(S1'60)2T (7'9v '9'62) 0°'8€ 6. 6TYT)IOT (2'9ST '9'€2T) 9°6€T 062 0z >
aby
(10 %56) (1D %S6)suonezieldsoH WS UMM (1D %G6) (1D %G6) suoliezife)dsoH) — ININS UMM
oleyary  ABAIPA 000'0T Lodarey Kwenipa oiedarey  AJAIRA000'0T Jod arey Kwnipa
ININS UoIIpuoD-vg ININS UoRIpU0D-GZ

¥#T0Z—0TO0Z ‘UISUOISIAN ‘9oUapISay Jo uoifiay yijeaH d1ignd pue ‘Jaked ‘solydelbowaq Aq a1ey AUPIQIOIN [eUIBIRIN 919ASS

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

WMJ. Author manuscript; available in PMC 2019 February 07.



Page 12

Gibson et al.

"(%6°SG) A1o1uYIa/a9R) Bulssiw suonezijendsoy Rm.mam

"0°T 4O OI1eJ B WOJY 30UBIaIP WealIubis Ajjeansnels e sajesipul adAl pjog

"RUPIQIOW [RUIBIBW 819ABS ‘ININIS SUOIRINIGQY

rs‘ov) Ly (006 '6'TL) 9°08
(082902 (r'T€T 'TTTT) 0'T2T

L0V (oe‘s2)sz (L'2LT '€ LPT) 9'65T €LE'T Uealesad Jeaday
€55 Tsvy) Ly (6'88¢ '9'852) ¥'€L2C 052'T UeaJesad Atewid

(10 %s6) (1D %S6)suolrezijeldsoH
oeyerey  ABAIPA 000'0T od oy

WS UM (10 %S6) (1D %S6) suoirezifendsoH)  INIAS YIM
Kenpa oley arey AJBAI]RA 000'0T Jod 8%y Klenipa

NS uolipuod-y¢

NS uollipuod-s2

Author Manuscript

Author Manuscript Author Manuscript

Author Manuscript

WMJ. Author manuscript; available in PMC 2019 February 07.



	Abstract
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	References
	Figure
	Table 1
	Table 2
	Table 3

