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Abstract

OBJECTIVE—To evaluate temporal trends in use of antihypertensive medications during 

delivery hospitalizations complicated by preeclampsia and risk of maternal stroke over the same 

time period.

METHODS—The Perspective database was used to perform a retrospective cohort study 

evaluating antihypertensive drugs dispensed during delivery hospitalizations complicated by 

preeclampsia from 2006 to the first quarter of 2015. Medications evaluated included nifedipine, 

hydralazine, and oral and intravenous labetalol. Adjusted models for receipt of antihypertensive 

agents accounting for demographic and hospital factors were created. Hospital-level rates of 

antihypertensive administration for women with severe preeclampsia were analyzed. Risk of 

stroke during delivery hospitalization was evaluated.

RESULTS—A total of 239,454 patients with preeclampsia were included in the analysis 

including 126,595 women with mild, 31,628 with superimposed, and 81,231 with severe 

preeclampsia. Overall, 105,409 women received a hypertensive agent. From 2006 to 2014, for all 

patients with preeclampsia, receipt of oral labetalol increased from 20.3% to 31.4%, intravenous 

labetalol from 13.3% to 21.4%, hydralazine from 12.8% to 16.9%, nifedipine from 15.0% to 

18.2%, and more than one medication from 16.5% to 25.8%. The proportion of patients with 

preeclampsia receiving any antihypertensive medication rose from 37.8% in 2006 to 49.4% in 

2015. In adjusted models, temporal trends retained significance. Rates of antihypertensive 

administration for severe preeclampsia varied significantly by hospital. For severe preeclampsia, 

the risk for stroke decreased from 13.5 per 10,000 deliveries in 2006–2008 (n=27) to 9.7 in 2009–

2011 (n=25) to 6.0 in 2012–2014 (n=20) (p=0.02).
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CONCLUSION—Use of multiple antihypertensive agents to treat preeclamptic women increased 

over the study period for women with mild, superimposed, and severe preeclampsia. There was 

substantial hospital variation in use of antihypertensive agents. This trend was associated with 

decreased risk of maternal stroke.

INTRODUCTION

Population-based data has demonstrated a doubling of the risk of stroke associated with 

hypertensive diseases of pregnancy between 1994 and 2011.1 Severe range blood pressure, 

and in particular systolic blood pressure of 160 mmHg or higher, may be associated with 

pregnancy-associated stroke.2,3 Data from the Hospital Corporation of America (HCA) 

demonstrated decreased risk for fatal hypertension-related intracranial hemorrhage 

associated with protocolized, timely administration of antihypertensive medication.4 Goals 

of antihypertensive therapy also include prevention of renal failure and injury and 

cardiovascular morbidity (specifically congestive heart failure and myocardial ischemia).5 

The American College of Obstetricians and Gynecologists Task Force on Hypertension in 

Pregnancy supports administration of antihypertensive agents for preeclampsia with severe 

features with sustained blood pressure of 160 mmHg or 110 mmHg systolic and diastolic, 

respectively, with additional recommendations for treatment of postpartum hypertension and 

women with chronic hypertension. First line agents for treatment of acute hypertension 

include intravenous labetalol, intravenous hydralazine, and oral nifedipine.5 The National 

Partnership for Maternal Safety has disseminated a bundle to aid in timely treatment of 

severe hypertension.6

In the setting of these recommendations and evolving evidence demonstrating the benefit of 

treating pregnancy-associated hypertension, there is limited research on how practice 

patterns are changing and specifically to what degree antihypertensive agents are being used 

to treat hypertensive episodes. How temporal trends, patient factors, and hospital-level 

effects may affect use of hypertensive agents is not well characterized. Additionally, there 

are little data on the degree to which treatment with antihypertensive agents is associated 

with the improved outcomes.

Given that hypertension is a leading cause of maternal mortality and severe morbidity7 and 

that there are knowledge gaps in how management is evolving, the primary objective of this 

study was to characterize antihypertensive use during delivery hospitalizations complicated 

by preeclampsia. We hypothesized that use of antihypertensive agents has increased 

concurrent with expanding evidence and supportive clinical recommendations. A secondary 

objective of this analysis was to characterize risk for pregnancy-associated stroke for women 

with a preeclampsia diagnosis.

MATERIALS AND METHODS

The Perspective database was used for this retrospective cohort analysis. Perspective is 

maintained by Premier Incorporated (Charlotte, NC) and includes patient demographics, 

hospital characteristics, and discharge diagnosis codes, as well as medications and devices 

administered during acute care hospitalizations. Perspective reports 100% of hospitalizations 
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for individual hospitals. Ninety-five quality assurance and validation checks are performed 

on data prior to being used for research.8 Perspective is routinely used for research on trends 

on medications and device use during delivery hospitalizations.9–15 The discharges included 

in the Perspective database account for approximately 15% of all inpatient hospital stays 

annually in the entire United States. The Columbia University Institutional Review Board 

deemed the study exempt given that all data are deidentified.

Women included in this analysis were admitted for a delivery hospitalization with an 

associated preeclampsia diagnosis from January 2006 through March 2015. Patients with 

preeclampsia were identified based on International Classification of Diseases, Ninth 

Revision, Clinical Modification (ICD-9-CM) codes and subcategorized as mild, severe, and 

superimposed (ICD-9-CM codes 642.4x, 642.5x, and 642.7x, respectively). Reports of 

sensitivity for ICD-9-CM codes for preeclampsia range from 69 to 84%.16–18 Delivery 

hospitalizations were identified based on billing and procedure codes that ascertain more 

than 95% of deliveries.19 Among patients with preeclampsia, we analyzed whether patients 

received the following antihypertensive medications: oral labetalol, intravenous labetalol, 

nifedipine, and intravenous hydralazine. We evaluated temporal trends in rates of individual 

antihypertensive use within this cohort: (i) for all patients with preeclampsia, and (ii) 

individually for mild, severe, or superimposed preeclampsia. Temporal trends are reported 

through 2014 given that only data for the first quarter of 2015 was available.

Univariate associations between clinical, hospital, and demographic variables and receipt of 

antihypertensive medications were evaluated using the chi-squared test. Adjusted risk ratios 

(RR) for receipt of any antihypertensive medication with 95% confidence intervals (CI) as 

measures of effect accounting for demographic, hospital, and preeclampsia diagnosis were 

derived from fitting a log-linear generalized estimating equations regression model that 

accounts for the effect of patients clustered within hospitals. Patient demographic 

characteristics included: year of discharge, maternal age, marital status, race (white, black, 

other), and payer status. Hospital characteristics included bed size, geographic region, 

teaching status, and urban or rural location. Specific preeclampsia diagnosis (severe, mild, or 

superimposed) was included in the model. We additionally performed a sensitivity analysis 

to address potential confounding given that the hospitals included in Perspective change 

from year to year and temporal trends could be secondary to inclusion of specific hospitals; 

to address this changing sampling frame, we repeated both the adjusted and unadjusted 

analysis restricted to hospitals that contributed data for the entire study period. Given 

maternal disparities and increased risk for maternal mortality among black women,7 we 

performed an additional analysis stratified for receipt of any antihypertensive by race (black, 

white, other) over the study period. Given that uptake of clinical recommendations may be 

different for teaching versus non-teaching centers, we also report on temporal trends in 

receipt of antihypertensive agents for preeclamptics based on this factor.

To determine whether risk for pregnancy associated stroke for patients with preeclampsia 

changed over the study period we analyzed the number of strokes that occurred restricted to 

ICD-9-CM codes with high sensitivity ascertained in non-obstetric validation studies 

(ICD-9-CM 430, 431, 434.×1, and 436) as well as ICD-9-CM code 674.0 which we have 

found to be highly sensitive in pregnancy related stroke in our institution.20–24 Because 
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pregnancy associated stroke is a relatively rare event occurring during approximately 34 per 

100,000 pregnancies,25,26 we divided the study into three time periods: 2006–2008, 2009–

2011 and 2012–2014 and compared risk using the chi-squared test with the numerator as 

stroke cases and the denominator as all delivery hospitalizations. Risk for stroke in 2015 was 

not reported given that only the first quarter was available. We performed this analysis for all 

women with preeclampsia and women with a diagnosis of severe preeclampsia alone. Lastly, 

to evaluate variation in use of antihypertensive agents in the setting of severe preeclampsia 

across hospitals we restricted the analysis to centers that treated ≥50 patients with severe 

preeclampsia over the study period and calculated hospital-level rates of antihypertensive 

use for this subset of patients. All analyses were performed with SAS 9.4 (SAS Institute, 

Cary, NC).

RESULTS

Overall 239,454 patients with preeclampsia were included in the analysis. Of these, 126,595 

patients had mild, 31,628 patients had superimposed, and 81,231 patients had severe 

preeclampsia (Table 1). The proportion of patients with severe and superimposed relative to 

mild preeclampsia increased over the study period with severe preeclampsia accounting for 

36.9% of cases in 2015 compared to 30.9% of cases in 2006. In 2006 10.3% and 30.9% of 

patients received diagnoses of superimposed and severe preeclampsia respectively compared 

to 15.7% and 36.9% in 2015. Superimposed preeclampsia was more common in the South, 

among black women, women ≥35 years of age, and in teaching compared to nonteaching 

hospitals. Severe preeclampsia was also more common in teaching compared to nonteaching 

hospitals as well as hospitals with larger bed sizes (>600 beds).

Over the course of the study the proportion of patients with preeclampsia receiving any 

antihypertensive medication rose from 37.8% of patients in 2006 to 49.4% in 2015, (p<0.01)

(Table 1). Receipt of individual hypertensive agents (intravenous labetalol, oral labetalol, 

nifedipine, hydralazine) by year for all preeclamptic patients and by specific preeclampsia 

diagnosis: mild, superimposed, or severe (Figure 1). For all patients with preeclampsia 

receipt of four individual medications increased over the study period from 2006 to 2014 

(Figure 1A): oral labetalol from 20.3% to 31.4%, intravenous labetalol from 13.3% to 

21.4%, hydralazine from 12.8% to 16.9%, nifedipine from 15.0% to 18.2%, and more than 

one medication from 16.5% to 25.8%. Patients with severe preeclampsia (Figure 1B) also 

received medications more often over the study period: between 2006 and 2014 use of 

intravenous labetalol increased 11.1%, oral labetalol 10.1%, hydralazine 4.0%, nifedipine 

3.9%, and more than one agent 10.7% (absolute increases in administration). For 

superimposed preeclampsia (Figure 1C) use of intravenous labetalol increased 6.8%, oral 

labetalol 11.1%, hydralazine 2.3%, nifedipine 3.5%, and more than one agent 7.8% 

(absolute increases in administration). Increases in antihypertensive use among mild 

preeclamptic women were smaller (Figure 1D) with use of intravenous labetalol increasing 

3.0%, oral labetalol 7.0%, hydralazine 1.0%, nifedipine 0.9%, and more than one agent 

3.9% over the same period (absolute increases in administration). Table 2 demonstrates the 

number of patients each year with each preeclampsia diagnosis receiving each medication. 

Individual hospital rates of antihypertensive administration to patients with severe 

preeclampsia differed significantly (Figure 2). The median hospital-level rate of 
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antihypertensive administration to patients with severe preeclampsia was 60.0%, with the 

25th and 75th percentiles 52.7% and 67.9% respectively.

In the adjusted analysis, the likelihood of antihypertensive use increased over the study 

period with an adjusted risk ratio (aRR) of 1.19 and 95% confidence interval (95% CI) in 

2015 with 2006 as a reference (Table 3). Severe preeclampsia and superimposed 

preeclampsia were associated with the largest increase in likelihood of antihypertensive 

receipt (aRR 2.19 95% CI 2.12–2.26, aRR 2.32 95% CI 2.23–2.41 with mild preeclampsia 

as a reference, respectively. Other significant factors included black compared to white race 

(aRR 1.30 95% CI 1.27–1.33) and maternal age ≥35 compared to age 18–24 (aRR 1.17 95% 

CI 1.15–1.19). For the sensitivity analysis, when the cohort was restricted only to centers 

contributing data for the entire study period temporal trends and adjusted analyses 

demonstrated similar results (not shown). In evaluating antihypertensive agents by race, 

black women were most likely to receive medication with receipt of any hypertensive 

increasing from 53.1% to 60.9% over the study period, compared to 33.6% to 45.6% for 

white women (Figure 3). Rates of antihypertensive receipt were similar at teaching and non-

teaching hospitals (Figure 4).

Risk for pregnancy-associated stroke over the study period for women with severe 

preeclampsia and any preeclampsia decreased (Figure 5). For severe preeclampsia, the risk 

for stroke was highest from 2006 to 2008 (13.5 cases per 10,000 deliveries, n=27) and 

decreased to 9.7 per 10,000 deliveries in 2009 to 2011 (n=25) and 6.0 per 10,000 deliveries 

in 2012 to 2014 (n=20) (p=0.02) (Table 4). For all patients with preeclampsia, the risk for 

stroke decreased from 6.6 to 5.6 to 3.5 per 10,000 deliveries, respectively, over the same 

study period (p=0.02).

DISCUSSION

This analysis demonstrated increasing use of antihypertensive agents during delivery 

hospitalizations complicated by preeclampsia. The rates of use of intravenous labetalol, oral 

labetalol, nifedipine, and hydralazine as well as use of multiple agents all increased for 

women with mild, superimposed, and severe preeclampsia over the study period. This data 

supports that research evidence supporting the benefit of antihypertensive use4 may be 

becoming integrated into practice as patients benefiting from antihypertensive management 

are increasingly identified by providers and hospital protocols. Given that the American 

College of Obstetricians and Gynecologists’ (ACOG) Task Force on Hypertension report 

was released in November 2013 and recommendations from the National Partnership were 

released this year, further changes in clinical practice may be occurring.5,6 While the ACOG 

Task Force report likely affected trends late in the study period, these data support that anti-

hypertensive use was already increasing prior to release of ACOG recommendations. That 

use of both intravenous and oral medications increased suggests that medical management of 

hypertension in preeclamptic patients is changing comprehensively. While misclassification 

between severe and mild preeclampsia is a potential concern, increased use of 

antihypertensive agents for women with mild preeclampsia may represent providers treating 

more lower range blood pressures more frequently, particularly with oral agents prior to 

discharge.
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Important findings from our analysis include that, particularly for women with severe 

preeclampsia, providers use intravenous and oral labetalol preferentially. With expanded use 

of these medications appropriate patient selection and use of other agents for women with 

conditions such as asthma, ischemic heart disease, and heart failure5 may maximize benefit 

and minimize risk. In this analysis the effect of individual hospitals was an important 

determinate in medication receipt for severe preeclampsia. Rates of medication receipt 

varied significantly and further investigation is indicated to what degree protocol, guideline, 

and bundle adoption can facilitate uniformly high-quality care that minimizes variation.

In interpreting this analysis there are several important limitations to consider. First, because 

this study was limited to administrative data, we were not able to obtain detailed information 

on how hospital factors such as protocols, guidelines, and bundle implementation may have 

affected management of preeclampsia and outcomes. Second, our ability to characterize 

patient care is limited given that we do not have patient data on vital signs and time to 

hypertensive administration. Even though a drug may have been ordered and administered, 

we cannot determine whether care occurred in a timely, optimal fashion and whether 

treatment in a specific time interval improved outcomes. For nifedipine we are not able to 

determine if medication is being administered acutely for severe range hypertension or 

preemptively for longer-term blood pressure control. Furthermore, because we are not able 

to review blood pressure we are not able to evaluate risk for hypotension with 

antihypertensive administration and potential effects on the fetus, nor are we able to 

determine specific blood pressure readings prior to stroke. Third, we cannot establish a 

causal relationship between antihypertensive administration (or lack thereof) and risk for 

stroke. While data from the HCA supports a relationship between timely administration of 

antihypertensive agents and decreased risk, we are not able to determine whether patients 

with stroke received hypertensive management prior to their event per the recommendations 

of ACOG and others and we are not able to evaluate hospital level implementation of 

protocols.5,6,27 Fourth, because we do not have outpatient data, we are unable to evaluate the 

degree to which prenatal outpatient management and use of antihypertensive agents may 

have affected use of these medications in the hospital. Fifth, because we do not have blood 

pressure information we do not have a true denominator for how many patients should have 

been treated. Sixth, because many patients were coded with nonspecific pregnancy related 

stroke codes, for a significant proportion of the study it is unclear whether women were 

diagnosed with a hemorrhagic or thrombotic stroke. Seventh, because discharge diagnoses 

are used, this study does not have information on whether stroke occurred antepartum, 

intrapartum, or postpartum during a delivery hospitalization. Eight, because ascertainment of 

obesity is extremely poor in administrative data this factor was not included in our analysis. 

Ninth, use of multiple agents may represent sequential medication administration (for 

example, a new agent being utilized after a suboptimal response from a prior agent) or use of 

multiple concurrent agents (such as a longer acting medication for maintenance along with 

an acute agent for severe hypertension); this analysis cannot differentiate these clinical 

scenarios. Tenth, in some cases hydralazine may be administered orally. In our query, in the 

vast majority instances hydralazine was administered intravenously; however, there were a 

few instances where route of administration was not documented specifically. For this reason 

our reported rates of intravenous hydralazine administration could be slightly overestimated.
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Strengths of the study include a large patient population powered to assess rare outcomes 

such as stroke, a long study period, geographically and clinically diverse hospital settings, 

and the ability to query use of specific antihypertensive medications.

In summary, this analysis found use of antihypertensive agents increased among a 

population of women with increasing likelihood of severe and superimposed preeclampsia 

diagnoses. Use of antihypertensive agents increased for diagnoses of mild, moderate and 

severe hypertension. This trend of increased antihypertensive use was associated with a 

decrease in risk for pregnancy-associated stroke over the study period.
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Figure 1. 
Rates of administration of antihypertensive medications for all patients with preeclampsia 

(A), and patients with severe (B), superimposed (C), and mild preeclampsia (D). Medication 

use from 2015 is not included as only a quarter of data is available for that year. Rates of 

administration differed significantly by year for labetalol (intravenous [IV] and oral [PO]), 

nifedipine, hydralazine, and >1 agent for mild, superimposed, severe, and all patients with 

preeclampsia (P<.01).
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Figure 2. 
Hospital-level rates of administration of any hypertensive medication to patients with severe 

preeclampsia. Each bar represents the proportion of hospitals in the study (n=301) by 

hospital-level rate of antihypertensive administration to patients with severe preeclampsia. 

Only hospitals with ≥50 patients are included in the figure.
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Figure 3. 
Rates of administration of any antihypertensive medication (intravenous or oral labetalol, 

nifedipine, and hydralazine) for all patients with preeclampsia by year and race (white, 

black, other). Medication use from 2015 is not included as only a quarter of data is available 

for that year.
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Figure 4. 
Rates of administration of any antihypertensive medication (intravenous or oral labetalol, 

nifedipine, and hydralazine) for all patients with preeclampsia by year and hospital teaching 

status. Medication use from 2015 is not included as only a quarter of data is available for 

that year.
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Figure 5. 
Risk of stroke per 10,000 delivery hospitalizations over three three-year periods: 2006–2008, 

2009–2011, and 2012–2014 for patients with severe preeclampsia and all women with a 

preeclampsia diagnosis. The differences in risk noted for severe preeclampsia and all 

preeclampsia were statistically significant with P values of .017 and .016, respectively.
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Table 3

Unadjusted and adjusted models for receipt of any antihypertensive medication

RR 95% CI aRR 95% CI

Year

 2006 1.00 Reference 1.00 Reference

 2007 1.05 1.02, 1.07 1.04 1.02, 1.07

 2008 1.06 1.04, 1.09 1.05 1.01, 1.09

 2009 1.12 1.09, 1.15 1.10 1.05, 1.14

 2010 1.15 1.12, 1.17 1.11 1.06, 1.16

 2011 1.19 1.16, 1.22 1.14 1.09, 1.19

 2012 1.22 1.19, 1.24 1.15 1.10, 1.21

 2013 1.25 1.23, 1.28 1.17 1.11, 1.23

 2014 1.29 1.26, 1.32 1.18 1.11, 1.24

 2015 (1Q) 1.31 1.27, 1.35 1.19 1.12, 1.27

Hospital bed size

 <400 1.00 Reference 1.00 Reference

 400–600 1.03 1.02, 1.04 1.06 0.96, 1.18

 >600 1.10 1.09, 1.11 1.03 0.90, 1.18

Age, years

 15–17 0.95 0.92, 0.98 0.96 0.94, 0.99

 18–24 1.00 Reference 1.00 Reference

 25–34 1.04 1.03, 1.05 1.05 1.04, 1.06

 ≥35 1.24 1.22, 1.25 1.17 1.15, 1.19

Insurance status

 Medicare 1.23 1.18, 1.28 1.03 1.00, 1.07

 Medicaid 1.12 1.11, 1.13 1.04 1.03, 1.06

 Private 1.00 Reference 1.00 Reference

 Uninsured 1.09 1.06, 1.13 1.02 0.99, 1.06

 Other 1.02 0.99, 1.04 1.00 0.95, 1.04

Race

 White 1.00 Reference 1.00 Reference

 Black 1.52 1.50, 1.54 1.30 1.27, 1.33

 Other 1.10 1.09, 1.11 1.08 1.06, 1.10

 Unknown 1.12 0.90, 1.39 0.92 0.76, 1.11

Hospital Location

 Rural 0.82 0.81, 0.84 0.96 0.89, 1.03

 Urban 1.00 Reference 1.00 Reference

Marital Status

 Married 1.00 Reference 1.00 Reference

 Unmarried 1.15 1.14, 1.16 1.06 1.04, 1.07

 Unknown 1.08 1.06, 1.09 0.97 0.90, 1.05

Hospital Region

Obstet Gynecol. Author manuscript; available in PMC 2019 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cleary et al. Page 19

RR 95% CI aRR 95% CI

 Northeast 1.00 Reference 1.00 Reference

 Midwest 0.98 0.96, 0.99 0.96 0.85, 1.10

 South 1.07 1.06, 1.09 0.92 0.81, 1.03

 West 0.93 0.92, 0.95 1.02 0.87, 1.20

Preeclampsia diagnosis

 Mild preeclampsia 1.00 Reference 1.00 Reference

 Severe preeclampsia 2.27 2.25, 2.30 2.19 2.12, 2.26

 Superimposed preeclampsia 2.58 2.55, 2.61 2.32 2.23, 2.41

Teaching

 Non-teaching 1.00 Reference 1.00 Reference

 Teaching 1.04 1.05 1.09 0.98, 1.22

RR, risk ratio; aRR, adjusted risk ratio; CI, confidence interval. The adjusted model included all factors included in the table: year, hospital bed 
size, maternal age, insurance status, race, hospital location, marital status, hospital region, preeclampsia diagnosis, and hospital teaching status.
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Table 4

Stroke incidence for women with any preeclampsia and severe preeclampsia

Stroke events (n) Per 10,000 deliveries 95% CI

Severe preeclampsia

2006–8 27 13.5 9.3, 19.7

2009–11 25 9.7 6.6, 14.3

2012–14 20 6.0 3.9, 9.3

All preeclampsia

2006–8 42 6.6 4.9, 9.0

2009–11 43 5.6 4.1, 7.5

2012–14 32 3.5 2.5, 4.9
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