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Abstract

Objective—We sought to examine whether hospital and provider volumes and Cesarean section
rates influenced early postpartum invasive MRSA infection.

Methods—We used data from the Nationwide Inpatient Sample, a representative sample of
United States community hospitals. Multivariate hierarchical regression models were used to
estimate odds ratios adjusted for hospital total discharges, nurse to patient ratio, urbanicity,
teaching status, bed size, ownership, and geographic region, and patient age, race, expected payer,
and comorbidities.

Results—The total sample size for the hospital analysis was 3,487,350 deliveries, and there were
555 cases of MRSA infection. The total sample size for the provider analysis was 1,186,703
deliveries, and there were 221 cases of MRSA infection. We found that hospital and provider
patient (deliveries) volumes and Cesarean section rates were not associated with early postpartum
invasive MRSA infection.

Conclusions—Barring major bias in our estimates, our results suggest that transmission from
providers may not be a predominant route of postpartum MRSA infection in US hospitals.

Introduction

Hospitalization is an important risk factor for methicillin resistant Staphylococcus aureus
(MRSA) infection. Transmission via health care workers hands is thought to be the primary
means of infection in hospitals.> We sought to investigate whether hospital and provider
delivery volumes and Cesarean section s were associated with risk of MRSA infection in the
early postpartum (pre discharge) period.
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Hospital size and patient volume have been correlated with both general nosocomial
infections and MRSA infection and colonization in intensive care units and other hospital
wards. However, the nature of the association is controversial and may be due to
confounding by patient factors.2~" We found only one study that examined the relationship
between obstetric patient volume and infectious morbidity. Janakiraman et a/. (2011) found
that risk of postpartum infection was higher in hospitals with more deliveries, but lower
among providers who attended more deliveries.8

There are several reasons to believe that high volume of deliveries at the hospital and
provider level may predispose delivering women to MRSA infection. Larger hospitals allow
exposure to more patients, and more opportunities to come in contact with MRSA carriers,
or fomites that have come into contact with carriers. A provider with a high volume of
deliveries has more opportunity to come into contact with carrier patients, and may be more
likely to become colonized with MRSA, or to transfer MRSA to other patients by hands or
clothing.

Cesarean section is a well-established, major risk factor for postpartum infection at the
individual level.®-11 We could not find any previous studies that examined whether the
proportions of Cesarean deliveries at the hospital and provider levels were associated with
postpartum infectious morbidity independent of a woman’s individual mode of delivery.
However, there are plausible mechanistic reasons to suspect an association between facility
and provider Cesarean rates and MRSA. Women undergoing Cesarean sections are generally
given prophylactic p-lactam antibiotics,11-13 which may increase the number of drug
resistant organisms in facilities with high Cesarean rates. Clinicians who perform many
Cesarean sections may be more likely to be colonized or have hands or clothing
contaminated by resistant bacteria. It is also possible that high Cesarean rates serve as a
proxy for a highly interventionist style of labor and delivery management. In this scenario,
women who deliver vaginally in hospitals with high Cesarean rates may be at higher risk of
other procedures, such as urinary catheterization, internal fetal monitoring, instrumental
delivery, and frequent vaginal exams, which increase infection risk.

Study Data & Population

For this study, we used data from the Nationwide Inpatient Sample (NIS). The NIS is a
stratified probability sample of approximately 20% of US community hospitals and is
designed to create a sample that is representative of all US community hospitals. 14 The NIS
is administered by the Healthcare Cost and Utilization Project (HCUP), a Federal-State-
Industry partnership sponsored by the Agency for Healthcare Research and Quality
(AHRQ). A complete list of agencies that contribute data to HCUP can be found at
www.hcup-us.ahrg.gov/hcupdatapartners.jsp.

Among hospitals included in the NIS, all inpatient discharges are reported. The study group
consisted of all women in the NIS from 2005 through 2008 who were admitted for delivery

(defined by Diagnosis Related Groups, 241" revision, 370 — 375) to hospitals with more than
50 deliveries per quarter.
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Because the NIS consists of de-identified, pre-existing, public-use data, this study was
exempt from review by the Institutional Review Board of the University of California, Los
Angeles.

The outcome of interest was invasive MRSA infection prior to discharge after hospitalization
for the delivery of an infant. In 2008, several new ICD-9 CM codes indicating MRSA
infection or carriage were introduced including 038.12 (MRSA septicemia), 482.42
(methicillin resistant pneumonia due to S. aureus), and 041.12 (MRSA in conditions
classified elsewhere and of unknown site), which are used to define invasive MRSA
infections in 2008 admissions. Prior to 2008, invasive MRSA infection is defined by
presence of ICD-9 codes 482.41 (S. aureus pneumonia), 038.11 (S. aureus septicemia), or
041.11 (S. aureusin conditions classified elsewhere and of unknown site) along with code
VV09.0 (infection with microorganisms resistant to penicillins). This definition of MRSA
infection has been used by the Healthcare Cost and Utilization project.1®

The NIS provided a unique identification number for each participating hospital. The
hospital volume of deliveries was measured as the number of discharges with DRGs 370
through 375 (vaginal and Cesarean deliveries) in each quarter.

In addition, some states provide a unique identifier for the clinician with overall
responsibility for the patient’s care. For the purposes of this study, we assumed this clinician
(provider) attended the delivery. Provider volume was also measured as the number of
discharges with DRGs 370-375 per quarter.

Patients who delivered via Cesarean section were identified by DRGs 370 and 371. Cesarean
section rates for hospitals and providers were measured as the proportion of patients with
DRG 370 and 371 among patients with any DRGs for delivery of an infant (370 — 379).

One hundred sixty five records from 2008 were excluded from these analyses because they
lacked discharge quarter, precluding calculation of number of discharges and Cesarean
section rates per quarter. Exclusion of these records did impact the calculation of the
exposure variables for the remaining records. However, the overall number of excluded
patients was low (less than one out of every 20,000 patients for the analyses with only
hospital predictors, and less than one out of every 7,000 for provider level analyses),
excluded records made up less than 2% of the total number of patients for any given
hospital, and none of these women were diagnosed with MRSA infection. Thus, the
exclusion of these records had very little potential to bias our results.

Patient level covariates were age, race (White, Black, Hispanic, Asian or Pacific Islander,
Native American and Other), expected payer, and 29 Elixhauser comorbidity measures. Due
to small numbers of women with lymphomas, solid tumors, and metastatic cancers, these
three conditions were combined into a single variable for malignancies. Also, due to the
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small number of women with diabetic complications, complicated and uncomplicated
diabetes were combined.

As we sought to identify the associations between hospital and provider Cesarean section
rates and the outcome independent of individual mode of delivery, our analysis also included
an indicator variable for whether or not the patient delivered via Cesarean.

Hospital level covariates included total inpatient discharges, teaching status, and nurse-to-
patient ratio (measured as full time equivalent registered nurses per 1000 inpatient days).
Additional hospital variables were included in the analysis because they were used to design
the sampling frame. These included hospital urbanicity, bed size, geographic region, and
hospital ownership.

Data Analysis

Results

Data were analyzed using hierarchical logistic regression with random intercepts. We used
two types of hierarchical data structuring: (i) patients’ admissions nested within hospitals,
and (ii) patients’ admissions nested within providers who in turn were nested within
hospitals. To control for covariates, exposure propensity scores were calculated using
hierarchical linear regression models. We used the exposure propensity scores to fit the final
models relating the exposures to the outcome. Hospital and provider volume were re-
centered to 800 and 60 deliveries per quarter, and rescaled to 100 and ten deliveries per
quarter, respectively. Cesarean rates were re-centered to 30%, and rescaled to 5%.

Missing values for confounders were imputed using PROC MI in SAS version 9.2. Exposure
propensity scores were calculated separately for each imputation. For comparison, we
performed analyses on datasets without imputation, using only records with no missing
values.

The total sample size for the analysis with only hospital predictors was 3,487,350, and there
were 555 cases of MRSA infection. The total sample size for the analysis with provider
predictors was 1,186,703, and there were 221 cases of MRSA infection

Results of the multivariate models are shown in Table 1. We did not detect an association
between any of the exposure variables studied and invasive MRSA infections. The odds
ratios for hospital delivery volume and Cesarean section rates in the model without provider
level variables were both 0.98 (95% CI 0.95 to 1.01 and 0.90 to 1.06 respectively). Adding
provider level predictors to the model did not appreciable change either of these estimates.
The odds ratios for provider volume and Cesarean section rates were 1.00 (95% CI 0.98 to
1.02) and 1.01 (0.96 to 1.27). All estimates for product term coefficients in multiply imputed
models were near null, and had narrow confidence intervals.

In the complete record analysis, the odds ratio for hospital Cesarean section rates decreased
to 0.90, and the 95% confidence interval and associated confidence interval shifted
downward somewhat. There were little changes in the values of the other point estimates.
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Discussion

Maternity care delivered by high volume providers and facilities may have benefits. Risk of
neonatal mortality and asphyxia have been found to be lower in hospitals with greater
delivery volumes, and risk of maternal complications may be lower among providers who
attend more deliveries.8 16. 17 |_arger obstetric units may also be able to deliver maternity
services at lower costs. However, it is important to investigate possible risks of increased
obstetric volumes, including risk of infectious morbidity, in order to understand how to
maximize benefits and minimize harms to women and their infants.

Assuming that the models used to generate our estimates were correct (absent any
uncontrolled confounding or other bias), our results appear compatible with little to no effect
of any of hospital and provider delivery volume and Cesarean section rates on the risk of
pre-discharge MRSA infection in women admitted for delivery of an infant.

However, these results suffer from a number of limitations. The most serious limitation is
our inability to track patients across multiple admissions, which restricts follow-up to the
period between admission for delivery and discharge. Because the majority of postpartum
infections are diagnosed after discharge, the predictors identified here may not be
generalizable to all postpartum MRSA infections. There is potential for misclassification of
the outcome variable. MRSA diagnosis typically requires antibiotic susceptibility testing,
which may not be performed for all MRSA infections, particularly in cases of spontaneous
recovery. False positives are also a possibility, as diagnostic cultures of infections caused by
other organisms may become contaminated with MRSA if the patient is an asymptomatic
carrier. Several states do not report clinician identifiers. Another limitation of these data is
that, in every state other than New York, physicians are the only clinicians that are assigned
identifiers. Per vital statistics data from the United States Centers for Disease Control and
Prevention, nurse midwives or other practitioners deliver approximately 8% of infants born
in US hospitals. Additionally, in teaching hospitals, medical students and residents, who
may not be identified as the provider in the patient record, may perform deliveries. In some
cases, the “attending physician” may not have been the person who delivered the infant, and
may have had no contact with the mother at all.

Given these limitations, and the fact that no similar studies could be identified for
comparison, it would be imprudent to conclude that the risk of MRSA infection is
completely unaffected by hospital and provider delivery volumes and Cesarean section rates.
Investigation of these research questions using a data source that allows tracking of patients
across multiple admissions would add information about postpartum readmissions for
infection, and would do much to alleviate the uncertainty inherent in this analysis. Linkage
to birth certificate information could also be helpful, as it could be used to exclude women
who were attended by providers who are not assigned identifiers in the NIS.

The chief strength of this study is the large sample size, which permits study of rare
outcomes with adequate power. Even when the analysis is limited to states that report
provider identifiers, more than 1.8 million women are included. Also, the NIS is designed to
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be representative of the population of non-Federal US hospitals. Within selected hospitals,
all patients are included, which limits the potential for selection bias at the individual level.

Assuming that our results are unbiased, and reflect actual relative risks of infection, the
findings are interesting. Given aforementioned evidence of relationships between provider
and facility volumes and risk of healthcare acquired infections, as well as the mechanistic
reasons for increased risk with increasing (hospital and provider) patient volumes, it is
noteworthy that we found that neither provider nor hospital delivery volume had any
substantial effect on the risk of early postpartum MRSA infection. This finding suggests that
the dynamics of MRSA transmission in labor and delivery patients may differ from those of
other inpatients. Furthermore, it is possible that transmission from providers is not a
predominant route of infection. Additional studies on facility-level predictors of postpartum
MRSA infection are needed to uncover probable modes of infection in this population.

References

1. Doshi RK, Patel G, Mackay R, Wallach F. Healthcare-associated Infections: epidemiology,
prevention, and therapy. Mt Sinai J Med. 2009; 76:84-94. [PubMed: 19170222]

2. Zuschneid 1, Rucker G, Schoop R, Beyersmann J, Schumacher M, Geffers C, et al.
Representativeness of the surveillance data in the intensive care unit component of the German
nosocomial infections surveillance system. Infect Control Hosp Epidemiol. 2010; 31:934-8.
[PubMed: 20662616]

3. Kibbler CC, Quick A, O’Neill AM. The effect of increased bed numbers on MRSA transmission in
acute medical wards. J Hosp Infect. 1998; 39:213-9. [PubMed: 9699141]

4. Gastmeier P, Kampf G, Wischnewski N, Hauer T, Schulgen G, Schumacher M, et al. Prevalence of
nosocomial infections in representative German hospitals. J Hosp Infect. 1998; 38:37—-49. [PubMed:
9513067]

5. Kampf G, Gastmeier P, Wischnewski N, Schlingmann J, Schumacher M, Daschner F, et al. Analysis
of risk factors for nosocomial infections--results from the first national prevalence survey in
Germany (NIDEP Study, Part 1). J Hosp Infect. 1997; 37:103-12. [PubMed: 9364259]

6. Boyce JM, Causey WA. Increasing occurrence of methicillin-resistant Staphylococcus aureus in the
United States. Infect Control. 1982; 3:377-83. [PubMed: 6752075]

7. Sax H, Pittet D. Interhospital differences in nosocomial infection rates: Importance of case-mix
adjustment. Arch Intern Med. 2002; 162:2437-42. [PubMed: 12437402]

8. Janakiraman V, Lazar J, Joynt KE, Jha AK. Hospital volume, provider volume, and complications
after childbirth in U.S. hospitals. Obstet Gynecol. 2011; 118:521-7. [PubMed: 21826039]

9. Declercq E, Barger M, Cabral HJ, Evans SR, Kotelchuck M, Simon C, et al. Maternal outcomes
associated with planned primary cesarean births compared with planned vaginal births. Obstet
Gynecol. 2007; 109:669-77. [PubMed: 17329519]

10. van Dillen J, Zwart J, Schutte J, van Roosmalen J. Maternal sepsis: Epidemiology, etiology and

outcome. Curr Opin Infect Dis. 2010; 23:249-54. [PubMed: 20375891]

11. Lamont RF, Sobel JD, Kusanovic JP, Vaisbuch E, Mazaki-Tovi S, Kim SK, et al. Current debate on
the use of antibiotic prophylaxis for caesarean section. BJOG. 2011; 118:193-201. [PubMed:
21159119]

12. Committee opinion no. 465: Antimicrobial prophylaxis for cesarean delivery: Timing of
administration. Obstet Gynecol. 2010; 116:791-2. [PubMed: 20733474]

13. Alfirevic Z, Gyte GM, Dou L. Different classes of antibiotics given to women routinely for
preventing infection at caesarean section. Cochrane Database Syst Rev. 2010:CD008726.
[PubMed: 20927776]

14. Introduction to the HCUP Nationwide Inpatient Sample (NIS) 2008. Agency for Healthcare
Research and Quality; Rockville, Maryland: 2010.

Am J Infect Control. Author manuscript; available in PMC 2017 September 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Parriott et al. Page 7

15. Elixhauser, A., Steiner, C. HCUP Statistical Brief #35. Agency for Healthcare Research and
Quality; Rockville, MD: 2007. Infections with Methicillin-Resistant Staphylococcus Aureus
(MRSA) in US Hospitals, 1993-2005.

16. Phibbs CS. Commentary: Does patient volume matter for low-risk deliveries? Int J Epidemiol.
2002; 31:1069-70. [PubMed: 12435786]

17. Snowden JM, Cheng YW, Kontgis CP, Caughey AB. The association between hospital obstetric
volume and perinatal outcomes in California. Am J Obstet Gynecol. 2012; 207:478, e1-7.
[PubMed: 23174387]

Am J Infect Control. Author manuscript; available in PMC 2017 September 15.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Parriott et al. Page 8

Table 1

Multivariable adjusted * odds ratios and 95% confidence intervals for the association of hospital and provider
patient volume and Cesarean rate on early postpartum methicillin-resistant Staphylococcus aureus infection

OddsRatio 95% Confidence Interval

Hospital predictors only, no imputation

Hospital deliveries per quarter 0.98™* 0.95-1.02
Hospital Cesarean sectionrate g g7 0.81-1.00
Product term 0.99 0.97 - 1.00

Hospital and attendant predictors, no imputation

Hospital deliveries per quarter g gg** 0.94-1.04
Hospital Cesarean section rate 0.937 0.77-1.11
Hospital product term 0.98 0.95-1.00
Attendant deliveries per quarter g g5 # 0.81-1.12
Attendant Cesarean section rate ¢ gg 7 0.90-1.06
Attendant product term 1.01 0.99-1.03
Hospital predictors only, multiple imputation
Hospital deliveries per quarter g gg** 0.95-1.01
Hospital Cesarean section rate 0.08" 0.90 - 1.06
Product term 0.99 0.98 - 1.00

Hospital and attendant predictors, multiple imputation

Hospital deliveries per quarter 1.00%" 0.95-1.05
Hospital Cesarean sectionrate g 9g7 0.85-1.13
Hospital product term 0.99 0.97-1.01
Attendant deliveries per quarter ¢ g7 0.98-1.02
Attendant Cesarean section rate 1 7 7 0.96 - 1.07
Attendant product term 1.01 1.00-1.01

*
All models adjusted for patient age, race, expected payer, and comorbidities and hospital total discharges, nurse to patient ratio, urbanicity,
teaching status, bed size, ownership, and geographic region

Hk
For an increase of 100 deliveries per quarter
1 . .
For a 5% increase in Cesarean rate

fFor an increase of 10 deliveries per quarter
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