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Abstract Objectives The accuracy of maternal morbidity

estimates from hospital discharge data may be influenced

by incomplete identification of deliveries. In maternal/

infant health studies, obstetric deliveries are often identi-

fied only by the maternal outcome of delivery code

(International Classification of Diseases code = V27). We

developed an enhanced delivery identification method

based on additional delivery-related codes and compared

the performance of the enhanced method with the V27

method in identifying estimates of deliveries as well as

estimates of maternal morbidity. Methods The enhanced

and standard V27 methods for identifying deliveries were

applied to data from the 1998–2004 Healthcare Cost and

Utilization Project Nationwide Inpatient Sample, an annual

nationwide representative survey of U.S. hospitalizations.

Odds ratios (ORs) and 95% confidence intervals (CIs) from

logistic regression were used to examine predictors of

deliveries not identified using the V27 method. Results The

enhanced method identified 958,868 (3.4%) more deliver-

ies than the 27,128,539 identified using the V27 code

alone. Severe complications including major puerperal

infections (OR = 3.1, 95% CI 2.8–3.4), hysterectomy

(OR = 6.0, 95% CI 5.3–6.8), sepsis (OR = 11.9, 95% CI

10.3–13.6) and respiratory distress syndrome (OR = 16.6,

95% CI 14.4–19.2) were strongly associated with deliveries

not identified by the V27 method. Nationwide prevalence

rates of severe maternal complications were underesti-

mated with the V27 method compared to the enhanced

method, ranging from 9% underestimation for major

puerperal infections to 40% underestimation for respiratory

distress syndrome. Conclusion Deliveries with severe

obstetric complications may be more likely to be missed

using the V27 code. Researchers should be aware that

selecting deliveries from hospital stay records by V27

codes alone may affect the accuracy of their findings.
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Introduction

Epidemiologic studies using hospital discharge data rely on

the recording of codes that represent diagnoses and pro-

cedures during a hospital stay. In maternal/infant health

studies, obstetric deliveries are usually identified by the

outcome of delivery code on the maternal discharge record
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(International Classification of Diseases, 9th Revision,

Clinical Modification (ICD-9-CM) code V27) [1]. For

example, the V27 code has been used to identify obstetric

deliveries in reports based on data from the National

Hospital Discharge Survey [2–4]. However, ICD-9-CM

codes may be prone to omission from hospital records

particularly in cases involving multiple diagnoses and

procedures [5]. Investigators have supplemented the V27

code with various other codes in hospital discharge data to

identify deliveries, including diagnosis-related group

(DRG) codes [6] and ICD-9-CM codes for delivery-related

procedures and pregnancy/labor complications [7, 8].

However, the effects of different obstetric delivery identi-

fication methods on estimates of maternal morbidity have

not been described.

Estimates of maternal mortality based on ICD-9 or ICD-

10 codes recorded on death certificates have been shown to

be underestimated, because codes for pregnancy/birth are

often absent from the death certificates of women who die

during childbirth [9–12]. As cases of severe acute maternal

morbidity are often clinically similar to cases of maternal

death, we hypothesized that deliveries with severe maternal

morbidity may lack an indication of delivery based on the

V27 code on hospital discharge records. To capture

deliveries that may be missed by the V27 code, we

developed an enhanced delivery identification method

based on additional indications of delivery in hospital

discharge records described in previous studies [6–8, 13]

and applied this method to data from a large, nationwide

representative sample of U.S. inpatient hospitalization

records. We tested our hypothesis by examining selected

hospital and patient characteristics, obstetric procedures,

and pregnancy complications as potential predictors of a

delivery not identified using the V27 method, but identified

by our enhanced method. We also compared estimated

rates of obstetric complications and procedures based on

the V27 method with those based on our enhanced method.

Methods

Data

We used data from the Nationwide Inpatient Sample (NIS)

of the Healthcare Cost and Utilization Project (HCUP), a

federal-state-industry partnership sponsored by the Agency

for Healthcare Research and Quality (AHRQ) [14]. During

annual data collection all community hospitals from the

participating states are stratified by rural/urban location,

number of beds, region of the country, teaching status, and

ownership. Within each stratum, a systematic random 20%

sample of hospitals (total approximately 1,000 hospitals) is

drawn [15]. The NIS includes all discharges from the

sampled hospitals and can be used to produce nationwide

estimates. Twenty-two states participated in the NIS in

1998, 24 in 1999, 28 in 2000, 33 in 2001, 35 in 2002, and

37 in 2003 and 2004 [16]. The nationwide annual estimates

of the total number of discharges from all U.S. hospitals

based on estimates from survey data ranged from

34,874,001 in 1998 to 38,661,786 in 2004. This research

was determined to be research not involving human sub-

jects and not requiring review by the institutional review

board of the Centers for Disease Control and Prevention.

Enhanced Method of Identifying Deliveries

To identify potential obstetric deliveries among all inpa-

tient hospitalization records from 1998 through 2004, we

looked for the following information in a hierarchical

manner: (1) outcome of delivery (ICD-9-CM disease

code = V27), (2) normal delivery (ICD-9-CM disease

code = 650), (3) diagnosis-related group (DRG) delivery

codes, and 4) ICD-9-CM procedure codes for selected

delivery- related procedures. The specific codes that were

used in this enhanced method are detailed in Table 1.

Hospitalization records were excluded if their discharge

summary contained ICD-9-CM codes for abnormal or

abortive pregnancy outcomes (Table 1). The elements in

the enhanced method were selected on the basis of a record

review of all diagnosis and procedure codes conducted by

one of the authors (DJ), an obstetrician-gynecologist.

Twenty randomly selected records among those identified

as potential deliveries by each of the four elements of the

enhanced method were reviewed (a total of 80 records). All

of these records (100%) were judged to be hospitalizations

involving a delivery. In addition to the four elements in the

enhanced method, we considered including ICD-9-CM

disease codes for pregnancy/labor complications (640.0–

648.9 and 651.0–676.9 with a fifth digit of 1 or 2 indicating

a delivery) as a last hierarchical element. However, in a

review of 20 out of 6,956 randomly selected records

identified as potential deliveries using the fifth digit, only 5

(or 25%) were judged to be deliveries. Therefore, this

element was not included in the enhanced method.

The DRG classification system is based on a combina-

tion of diagnostic and procedure codes along with data on

patients’ age, sex, and discharge status [17]. Although the

DRG classification system is well established, the DRG

codes mostly identify deliveries among patients whose

primary reason for hospitalization is delivery and may miss

those who give birth after having been hospitalized for

other reasons. The DRG grouper is applied during the

processing of the State Inpatient Databases (SID) and is

based on the diagnosis codes (up to 50) and procedure

codes (up to 50) that the individual state data collection
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partner submits [18]. The number of available diagnosis

and procedure codes varies by state in a range of 9 to 30

and 6 to 30 diagnoses and procedure codes, respectively.

The NIS file is created after the SID processing for all

participating states is complete and truncated at fifteen

diagnosis and procedure codes [16]. In addition to DRG

codes, we used the ICD-9-CM codes listed above for out-

come of delivery, normal delivery, and selected delivery-

related procedures as indicators of possible deliveries at

any position on the discharge summary since we were

interested in identifying all deliveries regardless of the

patients’ primary reason for hospitalization.

Obstetric Procedures and Complications

We selected obstetric complications to include in our

analysis on the basis of complications identified in previous

studies [3, 8, 19] and divided the selected conditions into

non-severe conditions, severe conditions, and procedures.

We defined abnormal forces of labor, long labor, obstructed

labor, multiple births, preterm labor, non-severe anesthesia

complication, non-severe postpartum hemorrhage, and

diabetes as non-severe complications; and we defined major

puerperal infections, severe anesthesia complications,

severe postpartum hemorrhage, pulmonary edema, pulmo-

nary embolism, shock, sepsis, acute renal failure, and

respiratory distress syndrome as severe complications. We

also included in the analysis common obstetric procedures

(artificial rupture of membranes, repair of current obstetric

lacerations, forceps/vacuum, and cesarean delivery) and

procedures which are typically used to treat severe obstetric

complications (blood transfusion, hysterectomy, and ven-

tilation). The ICD-9-CM codes for the listed above

conditions and procedures are listed in the Appendix.

Statistical Analysis

The unit of analysis was hospitalization not an individual.

Our data did not allow us to account for multiple hospi-

talizations. However, we took care in excluding antenatal

and postpartum hospitalizations so that our dataset would

include only delivery hospitalizations. In addition,

Table 1 Elements of the enhanced delivery identification method and the proportion of deliveries identified by each element

Description Code(s) Number and percent of total

deliveries identifieda

(N = 28,087,407) n (%)

Outcome of delivery ICD-9-CM = V27 27,128,539 (96.6)

Normal delivery ICD-9-CM = 650 99,426 (0.35)

Diagnosis-related group (DRG)

delivery codes

370 (complicated cesarean section), 811,191 (3.03)

371 (uncomplicated cesarean section),

372 (complicated vaginal delivery),

373 (uncomplicated vaginal delivery)

374 (uncomplicated vaginal delivery with sterilization

and/or dilatation & curettage)

375 (vaginal delivery with operation room procedure except

sterilization and/or dilatation & curettage)

Selected delivery related

procedures

ICD-9-CM = 720, 721, 7221, 7229, 7231, 7239,

724, 726 (forceps)

5,251 (0.02)

7251, 7252, 7253, 7254 (breech extraction)

7271, 7279 (vacuum extraction)

728, 729 (other specified and unspecified delivery)

7322 (internal and combined version and extraction)

7359 (other manually assisted deliveries)

736 (episiotomy)

740, 741, 742, 744, 7499 (cesarean section)

Exclusions ICD-9 = CM 630 (hydatidiform mole) –

631 (other abnormal product of conception)

633 (ectopic pregnancy)

632, 634, 635, 636, 637, 638, 639, 69.01, 69.51,

74.91, 75.0 (abortion)

a Elements were examined in a hierarchical manner in the order listed
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according to birth certificate data, the probability of

delivery twice a year is very low (0.25%) [20]. All results

are weighted estimates representing the total number of

1998–2004 delivery hospitalizations in the U.S. We used

logistic regression to calculate odds ratios (ORs) and 95%

confidence intervals to examine the association between

deliveries not identified by the V27 method and selected

obstetric complications or procedures. All complications

and procedures were coded as yes/no variables except for

anesthesia complication and postpartum hemorrhage,

which were categorized into three groups: non-severe,

severe, and no complication groups. Potential covariates

included patient characteristics (year of discharge, mater-

nal age, payer information, number of diagnosis or

procedure codes, and length of hospital stay) and hospital

characteristics (region (Northwest, Midwest, South, West),

location (rural/urban), teaching status (yes/no), and bed

size (small, medium, large)). In the final model, we

retained only those covariates that were significantly

associated with deliveries not identified using the V27

method (p < 0.05) after adjustments for other significant

covariates. Some states do not report race/ethnicity infor-

mation to HCUP; the large numbers of discharges without

race/ethnicity information (25%) precluded inclusion of

this variable in the analysis [18].

We calculated rates of selected obstetric complications

and procedures per 1,000 deliveries using both methods for

identifying deliveries and examined overestimation or

underestimation of rates for specific outcomes based on the

V27 method. The magnitude of the bias in rates is reported

as the percent difference calculated by dividing the dif-

ference in rates by the enhanced method estimated rate and

multiplying by 100%.

We used SAS software (version 9.1, SAS Institute Inc.

Cary, NC) to manage data and used SAS-callable SU-

DAAN software (version 9.0, RTI International, Research

Triangle, NC) to account for the multistage probability

sampling design used to collect the data.

Results

The enhanced method initially identified 28,117,941 pos-

sible delivery discharges that occurred during 1998–2004.

Excluding the 33,536 (0.12%) records with abnormal and

abortive pregnancy outcomes (abortions, hydatidiform

mole, other abnormal product of conception, or ectopic

pregnancy) left 28,084,407 delivery discharges available

for analysis. Of these, 27,128,539 deliveries (96.6%) were

identified by the V27 method, and 958,868 deliveries

(3.4%) were not. Codes for DRG, ICD-9-CM = 650, and

selected delivery related procedures identified 811,191;

99,426; and 5,251 of the deliveries not identified by the

V27 method, respectively (Table 1). Less than 0.5 and

0.01% of records had more than 10 diagnosis and proce-

dure ICD-9-CM codes before creation of the state

databases, respectively.

Year of delivery as well as patient and hospital char-

acteristics were associated with identification of deliveries

using the V27 method (Table 2). Deliveries missed by the

V27 method were positively associated with factors that

are indirect indicators of risk for severe obstetric compli-

cations, such as older age, the presence of fewer than three

and more than four diagnoses codes, and longer length of

hospital stay.

Deliveries hospitalizations with rare complications were

3–17 times more likely to be missed by the V27 method

Table 2 Associations of deliveries missed by the V27 method with

selected patient and hospital characteristics, data from the 1998–2004

Healthcare Cost and Utilization Project Nationwide Inpatient Sample

N missed = 955,868

(% of totala)

Odds ratiob 95% confidence

interval

Year

1998 214,805 (5.7) 2.9 1.8, 5.2

1999 148,421 (3.9) 1.9 1.3, 3.1

2000 161,479 (4.0) 1.9 1.1, 3.7

2001 141,138 (3.6) 1.8 1.0, 3.4

2002 106,017 (2.6) 1.3 0.8, 2.2

2003 81,629 (2.1) 1.0 Reference

2004 102,380 (2.4) 1.2 0.6, 2.5

Age, years

10–19 109,755 (3.5) 1.0 0.9, 1.1

20–34 689,793 (3.3) 1.0 Reference

� 35 156,320 (4.0) 1.3 1.2, 1.4

Hospital region

Northwest 179,566 (3.8) 2.7 1.5, 4.9

Midwest 236,166 (3.9) 3.0 1.9, 4.9

South 448,035 (4.4) 3.4 2.1, 5.7

West 92,102 (1.3) 1.0 Reference

Number of diagnosis codes

0–2 415,205 (4.9) 2.9 2.6, 3.2

3–4 210,594 (1.9) 1.0 Reference

>4 330,069 (4.1) 2.1 1.8, 2.5

Number of procedure codes

0–2 414,182 (4.0) 1.2 1.0, 1.5

3–4 286,070 (3.1) 1.0 Reference

>4 255,616 (3.0) 1.0 0.9, 1.1

Length of hospital stay, daysc

0–1 124,966 (3.0) 1.0 1.0, 1.4

2 400,958 (3.0) 1.0 Reference

� 3 429,915 (4.2) 1.5 1.5, 1.6

a Total deliveries identified by enhanced method
b Adjusted for all other variables in the table
c Missing data, N = 3029 (0.3%)
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compared to deliveries hospitalizations without these

complications. The magnitude of the associations increased

with the severity of complications (Table 3): for major

puerperal infections, for pulmonary edema, and for adult

respiratory distress syndrome the odds ratios were 3.1

(95% CI: 2.8, 3.4), 6.1 (95% CI: 5.1, 7.4), and 16.6 (95%

CI: 14.4, 19.2), respectively. Deliveries of women with

artificial rupture of membranes (OR = 0.8, 95% CI: 0.7,

0.9) were less likely to be missed by the V27 method than

deliveries of women without this procedure. Deliveries by

women who had blood transfusions, hysterectomy, or

ventilation were 3.6 (95% CI: 3.2, 4.1), 6.0 (95% CI: 5.3,

6.8) and 13.1 (95% CI: 11.4, 15.1) times more likely to

have been missed by the V27 method than were deliveries

by women who did not have these procedures. To confirm

the severity of cases included in our analysis, we also

examined in-hospital case-mortality rates. The highest

mortality rates were observed among delivery hospitaliza-

tions that were complicated by ventilation (10.3%),

pulmonary embolism (8.7%), respiratory distress syndrome

(6.1%), shock (6.0%), acute renal failure (5.1%), sepsis

(3.0%), and hysterectomy (1.0%). These conditions were

also among the strongest predictors of deliveries being

missed by the V27 method.

Table 3 Associations of deliveries missed by the V27 method with selected obstetric complications, data from the 1998–2004 Healthcare Cost

and Utilization Project Nationwide Inpatient Sample

Complicationa N missed = 955,868 (% of totalb) Odds ratioc 95% Confidence interval

Non-severe complications

Abnormal forces of labor 98,898 (3.8) 1.14 1.1, 1.2

Long labor 12,551 (4.1) 1.3 1.1, 1.6

Obstructed labor 76,782 (5.0) 1.5 1.4, 1.6

Multiple births 19,334 (4.2) 1.1 1.0, 1.2

Preterm labor 110,850 (5.5) 1.7 1.5, 1.8

Non-severe anesthesia complicationsd 4,475 (5.5) 1.7 1.5, 1.9

Non-severe postpartum hemorrhagee 42,725 (5.3) 1.8 1.7, 1.9

Diabetes 66,478 (5.1) 1.6 1.6, 1.7

Severe complications

Major puerperal infection 17,279 (11.9) 3.1 2.8, 3.4

Severe anesthesia complicationsf 1,050 (13.3) 3.4 2.8, 4.0

Severe postpartum hemorrhageg 8,726 (13.3) 4.2 3.7, 4.7

Pulmonary edema 1,344 (22.8) 6.1 5.1, 7.4

Obstetric pulmonary embolism 1,294 (27.5) 9.7 8.1, 11.6

Sepsis 3,134 (35.0) 11.9 10.3, 13.6

Shock 1,376 (37.2) 14.0 11.6, 17.0

Acute renal failure after labor and delivery 2,108 (40.6) 16.0 13.4, 19.1

Adult respiratory distress syndrome 4,708 (42.0) 16.6 14.4, 19.2

Death during hospitalization 875 (36.0) 14.9 11.7, 18.9

Procedures

Artificial rupture of membranes 144,018 (2.6) 0.8 0.7, 0.9

Repair of current lacerations 8,516,845 (3.0) 1.04 0.9, 1.2

Forceps/vacuum 87,278 (3.6) 1.2 1.1, 1.3

Cesarean delivery 297,617 (4.2) 1.2 1.1, 1.4

Blood transfusion 15,887 (11.9) 3.6 3.2, 4.1

Hysterectomy 4,494 (21.0) 6.0 5.3, 6.8

Ventilation 5,038 (35.0) 13.1 11.4, 15.1

a Reference group: deliveries without particular conditions and complications
b Total deliveries identified by enhanced method
c Adjusted for year, age, number of diagnosis codes, number of procedure codes, length of stay, and hospital region
d Without involvement of pulmonary, cardiac or central nervous systems
e Not requiring hysterectomy, blood transfusion or both
f With involvement of pulmonary, cardiac or central nervous systems
g Requiring hysterectomy, blood transfusion or both
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The choice of delivery identification method had little

effect on estimates of the rates of common obstetric pro-

cedures (less than 1%). However, when compared to the

enhanced method, the V27 method underestimated the

rates of hysterectomy and ventilation by 18.4 and by

31.4%, respectively. The choice of method for delivery

identification also had a substantial impact on estimates of

the rates of severe obstetric complications. Compared to

the enhanced method, the V27 method underestimated

rates of minor complications by 0.4–2.1% but underesti-

mated rates of major complications by 8.9–40.0%

(Table 4). Complications most likely to be missed by V27

method included: pulmonary edema, pulmonary embolism,

shock, sepsis, renal failure and respiratory distress syn-

drome. Thus, the underestimation was especially

pronounced for the most extensive obstetric complications.

Discussion

To our knowledge, our study is the first to investigate the

effects of different obstetric delivery identification methods

on maternal morbidity statistics. Most studies of maternal

health outcomes using hospital discharge data use the ICD-

9-CM code V27 to identify deliveries [2–4]. Using our

enhanced method incorporating three additional sources of

information, we were able to identify an additional 958,868

deliveries over the 7-year-time period. Importantly, these

deliveries were not representative deliveries identified

using the V27 code. Deliveries with severe obstetric

complications were 3–17 times more likely to be missed by

the V27 method. Reports based on the V27 method

underestimated the rates of severe obstetric complications

by 9–40%. We suspect that because severe maternal

complications are serious events, those responsible for

assigning ICD-9-CM codes may be distracted from their

routine task of assigning V27 delivery codes by the need to

report the appropriate ICD-9-CM codes related to the

complications and by the need to assign more codes than

they would need to do for uncomplicated cases. In support

of this assertion, we found that the V27 method missed less

than 5% of deliveries involving non-severe complications

and an even lower percentage of deliveries involving

common obstetric procedures. Although it is also possible

that the V27 code was truncated on some hospital dis-

charge records during creation of state or the HCUP

databases, a very small percent of records had more than 10

ICD-9-CM diagnosis or procedure codes originally.

During the last 25 years, maternal mortality statistics

have been based on ICD-9 or ICD-10 codes obtained from

death certificates [21]. In a recent study of maternal mor-

tality statistics from US regions and Europe, researchers

reported that estimates of maternal death rates based on

death certificate data alone were substantially lower than

those based on an enhanced maternal death identification

method, with the difference ranging from 22% in France to

93% in Massachusetts [9]. Maternal deaths missed by the

use of ICD-9 or ICD-10 codes on death certificates are

often identified by incorporating information from other

sources, such as any mention of pregnancy, birth, or

puerperium on the death certificate during manual review

or by a computer-based linkage of death certificates with

birth registries. A national record linkage of death and birth

registries and the addition of a question about decedents’

pregnancy status on death certificates have been recom-

mended as ways of improving the ascertainment of

maternal deaths [12]. In our study, we investigated a sim-

ilar problem related to maternal morbidity. Since maternal

deaths have become extremely rare events in industrialized

countries, maternal morbidity has increasingly replaced

maternal mortality as the primary indicator of the quality of

obstetrical care [22].

The results of our study should be interpreted in light of

at least two limitations. First, although our enhanced

method was based on additional sources of information that

have been used previously to compliment the V27 code [6–

8, 13], we were not able to validate our enhanced method

by examining medical records. However, our estimate of

the number of U.S. deliveries from 1998 through 2004

based on the enhanced method (28,084,407) was similar to

the number estimated by the National Center for Health

Statistics (NCHS) on the basis of birth certificates (28, 231,

180) [23]. Another limitation of our study relates to our

reliance on ICD-9-CM codes to estimate rates of obstetric

complications. For some obstetric complications ICD-9-

CM codes may have low sensitivity, low positive predic-

tive values or have not been validated in hospital discharge

data. We did not examine some complications (venous

thromboembolism, uterine rupture, and preeclampsia/

eclampsia) for which the positive predictive values of ICD-

9-CM codes are low, ranging from 39 to 54% [24–26]. Our

estimated rates for some other complications, such as major

puerperal infection and postpartum hemorrhage, may be

underestimated even by the enhanced method due to the

low sensitivity of ICD-9-CM codes for these conditions [8,

19]. Future studies are needed to investigate the validity of

ICD-9-CM codes for rare obstetric complications in hos-

pital discharge data.

Our findings have two practical implications. First, they

indicate that prevalence estimates of maternal morbidity,

particularly severe conditions, from hospital discharge data

may be underestimated when deliveries are captured using

only the V27 code. Second, prevalence rates have not

previously been published for many rare obstetric com-

plications. Our study not only reports nationwide

prevalence estimates for rare obstetric complications, but
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may also provide more accurate estimates through a more

complete ascertainment of deliveries.

In summary, our results suggest that relying solely on

V27 codes in hospital discharge data to identify deliveries

could lead to underestimates of the prevalence of severe

obstetric complications and that an enhanced delivery

identification method may yield more accurate results.

Researchers should be aware that the method they use to

identify deliveries in hospital discharge data may affect the

accuracy of their findings.
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Severe anesthesia complicationse 6,872 0.255 (0.009) 7,922 0.282 (0.010) �9.6

Severe postpartum hemorrhagef 56,755 2.09 (0.04) 65,481 2.33 (0.04) �10.3

Pulmonary edema 4,545 0.168 (0.008) 5,889 0.210 (0.010) �20.6

Obstetric pulmonary embolism 3,412 0.126 (0.006) 4,706 0.166 (0.007) �24.1

Sepsis 5,829 0.215 (0.008) 8,963 0.319 (0.010) �32.6

Shock 2,326 0.086 (0.004) 3,703 0.132 (0.005) �34.9

Acute renal failure after labor and delivery 3,080 0.114 (0.005) 5,189 0.185 (0.007) �38.4

Adult respiratory distress syndrome 6,512 0.240 (0.007) 11,220 0.400 (0.010) �40.0

Death during hospitalization 1,387 0.057 (0.004) 2,157 0.087 (0.004) �34.5

Procedures

Artificial rupture of membranes 5,611,790 201,55 (3.54) 5,467,772 199,82 (3.50) +0.9

Repair of current lacerations 8,546,845 313,94 (1.74) 8,776,276 312,496 (1.71) +0.5

Forceps/vacuum 2,329,043 85,25 (0.84) 2,416,321 86.04 (0.84) �0.9

Cesarean delivery 6,810,705 251,05 (1.20) 7,108,322 253,11 (1.20) �0.8

Blood transfusion 117,499 4.33 (0.09) 133,385 4.75 (0.10) �8.8

Hysterectomy 16,915 0.62 (0.01) 21,409 0.76 (0.01) �18.4

Ventilation 9,375 0.35 (0.01) 14,413 0.51 (0.01) �31.4

a Underestimation/overestimation of rates was calculated as the difference between V27 rates (among identified by V27 method) and enhanced

rates (among identified by enhanced method) divided by the enhanced rate and multiplied by 100%
b Per 1,000 deliveries; SE-standard error
c Without involvement of pulmonary, cardiac or central nervous systems
d Not requiring hysterectomy, blood transfusion or both
e With involvement of pulmonary, cardiac or central nervous systems
f Requiring hysterectomy, blood transfusion or both

Matern Child Health J (2008) 12:469–477 475

123



Public Health, Maine Health Data Organization, Maryland Health

Services Cost Review Commission, Massachusetts Division of Health

Care Finance and Policy, Michigan Health & Hospital Association,

Minnesota Hospital Association, Missouri Hospital Industry Data

Institute, Nebraska Hospital Association, Nevada Division of Health

Care Financing and Policy, Department of Human Resources, New

Hampshire Department of Health & Human Services, New Jersey

Department of Health & Senior Services, New York State Department

of Health, North Carolina Department of Health and Human Services,

Ohio Hospital Association, Oregon Office for Oregon Health Policy

and Research and Oregon Association of Hospitals and Health Sys-

tems, Pennsylvania Health Care Cost Containment Council, Rhode

Island Department of Health, South Carolina State Budget & Control

Board, South Dakota Association of Healthcare Organizations, Ten-

nessee Hospital Association, Texas Department of State Health

Services, Utah Department of Health Vermont Association of Hospi-

tals and Health Systems, Virginia Health Information, Washington

State Department of Health, West Virginia Health Care Authority,

Wisconsin Department of Health & Family Services.

Appendix

References

1. National Center for Health Statistics and Centers for Medicare

and Medicaid Services. International Classification of Diseases,

Ninth Revision, Clinical Modification (ICD-9-CM). Hyattsville

(MD): U.S. Department of Health and Human Services; (cited

2006 Oct 10).

2. Ananth, C. V., Oyelese, Y., & Yeo, L., et al. (2005). Placental

abruption in the United States, 1979 through 2001: temporal

trends and potential determinants. American Journal of Obstet-
rics and Gynecology, 192(1), 191–198.

3. Danel, I., Berg, C., & Johnson, C. H., et al. (2003). Magnitude of

maternal morbidity during labor and delivery: United States,

1993–1997. American Journal of Public Health, 93(4), 631–634.

4. Kozak, L. J., Owings, M. F., & Hall, M. J. (2005). National

Hospital Discharge Survey: 2002 annual summary with detailed

diagnosis and procedure data. Vital Health and Statistics,
13(158), 1–199.

5. O’Malley KJ, Cook, K. F., & Price, M. D., et al. (2005). Mea-

suring diagnoses: ICD code accuracy. Health Services Research,
40(5 Pt 2), 1620–1639.

6. Korst, L. M., Gregory, K. D., & Gornbein, J. A. (2004). Elective

primary caesarean delivery: accuracy of administrative data.

Paediatric and Perinatal Epidemiology, 18(2), 112–9.

7. James, A. H., Bushnell, C. D., & Jamison, M. G., et al. (2005).

Incidence and risk factors for stroke in pregnancy and the puer-

perium. Obstetrics and Gynecology, 106(3), 509–516.

8. Romano, P. S., Yasmeen, S., & Schembri, M. E., et al. (2005).

Coding of perineal lacerations and other complications of

obstetric care in hospital discharge data. Obstetrics and Gyne-
cology, 106(4), 717–725.

9. Deneux-Tharaux, C., Berg, C., & Bouvier-Colle, M. H, et al.

(2005). Underreporting of pregnancy-related mortality in the

United States and Europe. Obstetrics and Gynecology, 106(4),

684–692.

10. Horon, I. L. (2005). Underreporting of maternal deaths on death

certificates and the magnitude of the problem of maternal mor-

tality. American Journal of Public Health, 95(3), 478–482.

11. MacKay, A. P., Berg, C. J., & Duran, C., et al. (2005). An

assessment of pregnancy-related mortality in the United States.

Paediatric and Perinatal Epidemiology, 19(3), 206–214.

12. Salanave, B., Bouvier-Colle, M. H., & Varnoux, N., et al. (1999).

Classification differences and maternal mortality: a European

study. MOMS Group. Mothers’ Mortality and Severe morbidity.

International Journal of Epidemiology, 28(1), 64–69.

13. Health Canada. Canadian Perinatal Health Report. Ottawa:

Minister of Public Works and Government Services Canada,

2003.

14. HCUP Databases. Healthcare Cost and Utilization Project

(HCUP). Overview of the Nationwide Inpatient Sample (NIS).

Agency for Healthcare Research and Quality, Rockville, MD,

2006; http://www.hcup-us.ahrq.gov/nisoverview.jsp; Last modi-

fied 9/19/06.

15. Steiner, C., Elixhauser, A., & Schnaier, J. (2002). The healthcare

cost and utilization project: an overview. Effective Clinical
Practice, 5(3), 143–151.

16. HCUP Databases. Healthcare Cost and Utilization Project

(HCUP). NIS Database Documentation. Agency for Healthcare

Research and Quality, Rockville, MD, 2006; http://www.hcup-us.

ahrq.gov/db/nation/nis/nisdbdocumentation.jsp; Last modified

Last modified 9/12/06.

17. Yogend, M. Diagnostic Related Groupings (DRGs). Manitoba

Centre for Health Policy (MCHP). Canada, 2003. http://www.

umanitoba.ca/centres/mchp/concept/dict/drg/DRG_overview.html#

hsc. Accessed July 20, 2006.

Complications ICD-9-CM codes

Abnormal forces of labor 660

Long labor 661

Obstructed labor 662

Multiple births 651, V27.2, V27.3, V27.4,

V27.5, V27.6, V27.7

Preterm labor 644.2

Non-severe anesthesia complications 668.8, 668.9

Non-severe postpartum

hemorrhage/hematoma

666, 674.3

Diabetes 250.00–250.33, 250.40–250.93,

648.0, 648.8

Major puerperal infection 670, 672

Severe anesthesia complications 668.0, 668.1, 668.2, 995.4

Severe postpartum

hemorrhage/hematoma

Codes for non-severe

postpartum hemorrhage} +

codes for blood transfusion

and/or hysterectomy

Pulmonary edema 518.4, 428.1

Obstetric pulmonary embolism 673

Sepsis 038.0–038.9, 785.52, 785.59,

995.91, 995.92

Shock 669.1, 998.0

Acute renal failure after labor

and delivery

669.3

Adult respiratory distress syndrome 518.5, 518.81, 518.82

Artificial rupture of membranes 73.0x

Repair of current lacerations 75.5x-75.6x

Forceps/vacuum 72.0–72.9, 73.3

Cesarean delivery 74.0, 74.1, 74.2, 74.4, 74.9x

Blood transfusion 99.00–99.09

Hysterectomy 68.3–68.9

Ventilation 93.90, 96.01–96.05, 96.7x

476 Matern Child Health J (2008) 12:469–477

123



18. HCUP Databases. Healthcare Cost and Utilization Project

(HCUP): SID Database Documentation. Agency for Healthcare

Research and Quality, Rockville, MD, 2007; http://www.hcup-us.

ahrq.gov/sidoverview.jsp; Last modified 4/20/07.

19. Lydon-Rochelle, M. T., Holt, V. L., & Nelson, J. C., et al. (2005).

Accuracy of reporting maternal in-hospital diagnoses and intra-

partum procedures in Washington State linked birth records.

Paediatric and Perinatal Epidemiology, 19(6), 460-471.

20. Declercq, E., Barger, M., Cabral, H. J., Evans, S. R., Kotelchuck,

M., & Simon, C., et al. (2007). Maternal outcomes associated

with planned primary cesarean births compared with planned

vaginal births. Obstetrics and Gynecology, 109(3), 669–677.

21. Katz, V. L. (2005). Maternal mortality: the correct assessment is

everything. Obstetrics and Gynecology, 106(4), 678–679.

22. US Dept of Health, Human Services (HHS) (2000). Healthy

people 2010. Washington, DC: HHS.

23. Martin, J. A., Hamilton, B. E., Sutton, P. D., Ventura, S. J.,

Menacker, F., & Kirmeyer, S. (2006). Births: Final data for 2004.

National vital statistics reports, vol 55 no 1.

24. Centers for Disease Control, Prevention (CDC). (2000). Use of

hospital discharge data to monitor uterine rupture–Massachusetts,

1990–1997. MMWR. Morbidity and Mortality Weekly Report,
49(12), 245–248.

25. Geller, S. E., Ahmed, S., & Brown, M. L., et al. (2004). Inter-

national Classification of Diseases-9th revision coding for

preeclampsia: how accurate is it? American Journal of Obstetrics
and Gynecology, 190(6), 1629–1633.

26. White, R. H., Brickner, L. A., & Scannell, K. A. (2004). ICD-9-

CM codes poorly identified venous thromboembolism during

pregnancy. Journal of Clinical Epidemiology, 57(9), 985–988.

Matern Child Health J (2008) 12:469–477 477

123


	An Enhanced Method for Identifying Obstetric Deliveries: Implications for Estimating Maternal Morbidity
	Abstract
	Introduction
	Methods
	Data
	Enhanced Method of Identifying Deliveries
	Obstetric Procedures and Complications
	Statistical Analysis

	Results
	Discussion
	Acknowledgements
	Appendix
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


