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Oxytocin is used for labor induction or augmentation in
approximately one-half of all deliveries in the United
States.1,2 Because of the potential for uterine tachysystole
and its adverse effects on the fetus, careful monitoring of such
women by nursing staff is essential.3,4 Proposed approaches
to improve such monitoring have included uniform training
of nursing staff in the interpretation of electronic fetal heart
rate and uterine contraction monitor tracings, the use of
checklists, and the implementation of protocols that stan-
dardize the administered oxytocin infusion rate.1–6 In others
areas of medicine, fixed staffing ratios have been investigated
and occasionally linked to improved patient outcomes, al-
though most studies have not shown such a relationship.7–10

Our purposewas to evaluate the effects of 1:1 nursing care for
women receiving oxytocin in labor, both from the perspective
of patient safety and cost.

Materials and Methods

This study was performed in Hospital Corporation of America
affiliated facilities, which account for the largest number of
inpatient obstetric services in the United States, with over
200,000 deliveries annually in 110 affiliated hospitals in 21
states. Approximately 6% of U.S. deliveries occur in these
hospitals, and prior publications have suggested that this
system is fairly representative of the U.S. population as a
whole.11,12 We analyzed data from January 1, 2010, to
December 31, 2010. During this time, there was no single,
uniform staffing policy in Hospital Corporation of America
(HCA)-affiliated hospitals for women receiving oxytocin dur-
ing labor. Instead, on-site nursing and medical personnel
were encouraged to use their judgment regarding appropri-
ate staffing ratios for all women in labor, with and without
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Abstract Objective To examine the relationship between nurse-to-patient staffing ratios and
perinatal outcomes in women receiving oxytocin during labor.
Study Design A retrospective analysis of perinatal outcomes in women receiving
oxytocin for induction or augmentation of labor during 2010. Outcomes examined were
fetal distress, birth asphyxia, primary cesarean delivery, chorioamnionitis, endomyo-
metritis, and a composite of adverse events. Frequency of 1:1 nurse-to-patient staffing
was determined for each hospital. Outcomes were compared between hospitals
categorized into quartiles of staffing ratios.
Results In 208,033 women delivering during 2010, there was no relation between
frequency of 1:1 nurse-to-patient staffing ratio and improved perinatal outcomes.
Adoption of universal 1:1 staffing in the United States would result in the need for an
additional 27,000 labor nurses and a cost of $1.6 billion.
Conclusion Available data do not support the imposition of mandatory 1:1 nurse-to-
patient staffing ratios for women receiving oxytocin in all U.S. facilities.
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oxytocin infusion, depending on the level of acuity demon-
strated by individual patients.

Our study design included three parts. First, staffing ratios
for women receiving oxytocin were surveyed, and facilities
divided into four groups based on the frequency (0 to 25%, 26
to 50%, 51 to 75%, or > 75%)withwhich each facility provided
1:1 staffing for such patients during 2010. These analyses
were performed independently by the labor and delivery
nursing directors at each facility.

Second, we obtained coding-based data on pertinent
perinatal outcomes for all women receiving oxytocin for
either induction or augmentation of labor at each facility
during 2010 (►Table 1). The category of multiple complica-
tions includes women with more than one of the listed
adverse outcomes. An additional neonatal outcome, birth
asphyxia (Diagnosis Related Groups (DRGs) 7685, 7686,
7689), was analyzed from newborn records for the entire
population of women delivering at each facility during 2010.
The data for each hospital were stratified into the four
frequency categories previously described.

Finally, we performed a gap analysis, comparing actual
staffing levels with a hypothetical model in which each
patient receiving oxytocin during labor also received 1:1
nursing care during oxytocin infusion. We analyzed this
model both in terms of additional full-time equivalents
needed and the total cost of providing this hypothetical
type of care. We utilized previously published data from
our system documenting a mean duration of oxytocin infu-
sion of approximately 8.5 hours for women receiving labor
induction or augmentation.3 We then extrapolated our re-
sults to a second model in which 1:1 nursing care would be
provided to all women receiving oxytocin during labor in the
United States (►Table 3).

Hospitals were categorized into quartiles according to
frequency of 1:1 nursing (0–25%, 26–50%, 51–75%, > 75% of
the time), and outcomes were compared between quartiles
using chi-square test for trends. A p < 0.05 was used to
denote statistical significance. Because this study used only
deidentified aggregate data for quality improvement pur-
poses, institutional review board approval was not necessary.

Results

During 2010, 208,033 women delivered at an HCA-affiliated
facility. Of these women 101,777 (49%) received oxytocin for
labor induction or augmentation. ►Table 1 demonstrates
perinatal outcomes for each 1:1 nursing frequency
quartile. ►Table 2 demonstrates rates of birth asphyxia for
each quartile. Primary cesarean delivery rates and rates of
overall complications increased significantly as the frequency
of 1:1 nurse staffing ratios increased. Lower rates of coded
fetal distress were seen with more consistent 1:1 staffing
ratios (►Table 1). There was no significant trend between
staffing ratio and the rates of birth asphyxia (►Table 2). Cost
and staffing calculations for the model of universal 1:1
staffing are detailed in ►Table 3. Compliance with a hypo-
thetical model of universal 1:1 staffing for women undergo-
ing induction or augmentation of labor would necessitate an Ta
b
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additional 1,618 full-time labor and delivery nurse equiva-
lents in the system of HCA affiliates, at an additional cost of
$97 million annually, using the assumptions outlined
in ►Table 3. Extrapolation of these data to staffing through-
out the United Statewould result in the need for an additional
27,000 labor nurses at an additional cost of approximately
$1.6 billion annually.

Discussion

Careful nursing care is a vital component of modern obstetric
management, not only for women receiving oxytocin during
labor, but for all women giving birth. Patient safety may, in
some cases, be enhanced by decreasing nurse-to-patient
staffing ratios. In fact, in a sufficiently large series we would
expect to be able to identify some statistical benefit to any
cohort of laboring women receiving consistent 1:1 nurse-to-
patient staffing, as compared with a lower staffing ratio.
Critical to such an analysis, however, is the realization that
in an era of limitedmedical resources and increasing demand
for services,medical expenditures of this typemust be seen as
a “zero sum” inwhich a dollar spent in anyone area of care is a
dollar taken from another.13,14 In a similar manner, the
number of nurses in the United States cannot be readily
expanded indefinitely.15,16 Under these circumstances, any
new recommendation for care requiring significant addition-
al resources must be evidence-based, with the strength of
evidence for benefit directly proportional to themagnitude of
proposed additional resource allocation.

In this large series of over 100,000 deliveries across a broad
range of facilities in the United States, we could demonstrate
no meaningful positive clinical relationship between staffing
ratios and perinatal outcomes for women receiving oxytocin
during labor. Facilities that provided 1:1 staffing for these
women < 25% of the time had similar outcomes to those that
provided such staffing > 75% of the time. The extremely large
numbers in our series did lead to a few differences that
achieved statistical significance in a trend analysis, suggest-
ing a possible detrimental effect of higher staffing ratios.
Higher staffing ratios were associated with more cesarean
deliveries and overall complications, but no difference in rates
of birth asphyxia, which along with cesarean rate would be
the outcome of primary importance with respect to oxytocin
use during labor. Although from a statistical standpoint one
might conclude that a 1:1 staffing ratio was actually detri-
mental, because of differences in patient acuity between
facilities, we believe such clinical conclusions are unjustified;
it is also possible that those facilities with higher acuity
appropriately determined the need for more frequent 1:1
staffing ratios, and with the use of such judgment achieved
rates of birth asphyxia equivalent to those seen in facilities
with lower mean patient acuity. These data also do not
suggest unwise resource utilization for facilities that, because
of typical patient acuity or nursing staff experience, have
decided to utilize universal 1:1 coverage for any class of
patient. Rather, these data support our current policy of
allowing staffing decisions to be made for individual patients
by on-site clinicians, rather thanmandating universal staffing
ratios for any broad group of patients.

Our interpretation of these findings involves the hetero-
geneity of individual patients within the broad category of
“received oxytocin during labor.” A woman with a category I
fetal heart rate tracing and a normally grown fetus beginning
an induction at 41 weeks is in a risk category very different
than a woman with known intrauterine growth restriction,
oligohydramnios, and variable decelerations receiving aug-
mentation in the active phase of labor. Yet both are receiving
oxytocin. Further, a woman in the next roomwith a bleeding
placenta previa at 28 weeks may be in a risk category
significantly higher than either of these women. Under

Table 2 Relationship between nurse staffing and birth
asphyxia: all deliveries

1:1 n Birth asphyxia OR (95% CI)

76–100 28,605 104 (0.36%) 1

51–75 55,365 158 (0.29%) 0.78 (0.61–1.01)

26–50 27,503 105 (0.38%) 1.05 (0.79–1.39)

0–25 96,560 354 (0.37%) 1.01 (0.81–1.26)

Abbreviations: CI, confidence interval; OR, odds ratio.

Table 3 Oxytocin staffing cost analysis

n % 1:1 Mean Pts if 1:1 Additional pts if 1:1 h/pt Excess FTE $/h Excess cost

14,644 76–100 86.5 16,930 2,286 8.5 9.7 30 582,930

24,704 51–75 62.5 39,526 14,822 8.5 63 30 3,779,610

13,753 26–50 37.5 36,674 22,922 8.5 97 30 5,845,110

48,676 0–25 12.5 389,408 340,732 8.5 1,448 30 86,886,660

101,377 Total 1,618 97,094,310

Abbreviations: CI, confidence interval; FTE, full-time equivalent; OR, odds ratio; pt, patient.
Note: Calculation example, first row: These facilities were staffed to provide one-on-one care for 14,644 women an average of 86.5% of the time. The
provision of one-on-one care to 14,644 women 100% of the time would be the functional equivalent of caring for 16,930 patients 86.5% of the time, or
an additional 2,286 patients. Given a mean duration of oxytocin infusion of 8.5 h in our system, a 40-h work week for a registered nurse full-time
equivalent at 50 wk/y, and a mean hourly pay rate of $30 (chosen for illustrative purposes only), such staffing would require an additional 9.7 full-time
equivalents and an additional salary cost of $582.930 annually.
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such circumstances, to mandate 1:1 nursing for both of the
first two patients in the face of limited nursing personnel
may not only be an inefficient use of resources, but may
actually place the third patient in significant jeopardy. Such
variations and combinations are endless, yet they reflect the
realities of most labor and delivery services and will be
recognized by individuals actually providing clinical care.
Under these conditions, arbitrary staffing rules based on
heterogeneous patient categories may negatively impact
patient safety.

As outlined in ►Table 3, we estimate that the universal
national adoption of recommendations for mandatory 1:1
staffing ratios for all woman receiving oxytocin would cost
the U.S. health care system an additional $1.6 billion annually,
assuming that an additional 29,000 labor nurses could be
found.

We acknowledge several limitations of the current study
design. Outcomes datawere derived from an analysis of coded
discharge diagnoses. Such analyses are commonly relied upon
in published series to identify various indices of neonatal and
maternal morbidity including birth asphyxia and neonatal
encephalopathy.17–20Although such data have generally been
found to be reasonably reliable in a variety of clinical circum-
stances, the occurrence of occasional coding errors cannot be
excluded.17–22 However, the large sample size of our study
population would tend to negate the impact of random
coding errors on our conclusions.

Given the current capabilities of our data system, several
additional neonatal outcomes of potential interest could not
be analyzed on this scale and simultaneously linked to
maternal oxytocin administration. Our inability to control
for differences in patient acuity between facilities is another
limitation, discussed at length previously. Finally, our cost
analysis represents only an estimate, as outlined in ►Table 3.

In the past several years, HCA-affiliated facilities have
broadly adopted patient safety education and protocols di-
rected at the safe use of oxytocin during labor.1–5 Our results
must be interpreted in this context—the overall commitment
of these facilities to the safe use of oxytocin may have
rendered the staffing ratios for these patients less relevant.

In conclusion, we could demonstrate no evidence of
improved clinical outcomes associated with the use of a
1:1 nursing ratio for women receiving oxytocin during labor.
We acknowledge the limitations of our data and the theoret-
ical possibility that future research using amore demograph-
ically detailed database might demonstrate a subgroup of
women for whom such uniform staffing ratios may be
beneficial. However, the imperfections of the current data
must be viewed against a complete absence of any contradic-
tory data demonstrating any clinical benefit of mandatory,
universal 1:1 staffing ratios for women receiving oxytocin
during labor. Further, our estimated economic gap analysis
clearly demonstrates the magnitude of the financial impact
of such recommendations, if implemented universally. Thus
given our current state of knowledge, evidence-based medi-
cine suggests that it would be inappropriate and potentially
detrimental to patient safety to implement mandatory 1:1
staffing ratios for women receiving oxytocin during labor at

this time. The onus for demonstrating clinical benefit, a
favorable cost–benefit ratio, and an analysis of the impact
of such recommendations on those patients fromwhom vast
resources would of necessity be diverted remains with
proponents of such rules.23 Given the wide variability pres-
ent in almost all categories of intrapartum patients, we feel
strongly that patient safety is best addressed by continuing to
allow staffing decisions to be made by qualified on-site
nursing and medical personnel based on individual patient
acuity.

References
1 Clark SL, Simpson KR, Knox GE, Garite TJ. Oxytocin: new perspec-

tives on an old drug. Am J Obstet Gynecol 2009;200:e1–e6
2 Freeman RK, Nageotte M. A protocol for use of oxytocin. Am J

Obstet Gynecol 2007;197:445–446
3 Clark SL, Belfort MA, Saade GA, et al. Implementation of a conser-

vative checklist-based protocol for oxytocin administration:
maternal and newborn outcomes. Am J Obstet Gynecol 2007;
197:e1–e5

4 ACOG Committee on Practice Bulletins—Obstetrics. ACOG Practice
Bulletin No. 107: Induction of labor. Obstet Gynecol 2009;114
(2 Pt 1):386–397

5 Clark SL, Belfort MA, Byrum SL, Meyers JA, Perlin JB. Improved
outcomes, fewer cesarean deliveries, and reduced litigation: re-
sults of a new paradigm in patient safety. Am J Obstet Gynecol
2008;199:e1–e7

6 Clark SL, Meyers JA, Frye DK, Perlin JA. Patient safety in obstetrics:
the Hospital Corporation of America experience. Am J. Obstet
Gynecol 2011;204:283–287

7 Aiken LH, Sloane DM, Cimiotti JP, et al. Implications of the
California nurse staffing mandate for other states. Health Serv
Res 2010;45:904–921. Available at: http://www.ncbi.nlm.nih.gov/
pubmed/20403061. Accessed March 7, 2013.

8 Burnes Bolton L, Aydin CE, Donaldson N, et al. Mandated nurse
staffing ratios in California: a comparison of staffing and nursing-
sensitive outcomes pre- and postregulation. Policy Polit Nurs Pract
2007;8:238–250

9 Donaldson N, Bolton LB, Aydin C, Brown D, Elashoff JD, Sandhu M.
Impact of California’s licensed nurse-patient ratios on unit-level
nurse staffing and patient outcomes. Policy Polit Nurs Pract
2005;6:198–210

10 Spetz J, Chapman S, Herrera C, et al. Assessing the impact
of California’s Nurse Staffing Ratios on Hospitals and Patient Care.
http://www.chcf.org/~/media/MEDIA%20LIBRARY%20Files/PDF/A/PDF
%20AssessingCANurseStaffingRatios.pdf. Accessed March 7, 2013

11 Clark SL, Belfort MA, Hankins GDV, Meyers JA, Houser FM. Varia-
tion in the rates of operative delivery in the United States. Am J
Obstet Gynecol 2007;196:e1–e5

12 Clark SL, Belfort MA, Dildy GA, Herbst MA, Meyers JA, Hankins GD.
Maternal death in the 21st century: causes, prevention, and
relationship to cesarean delivery. Am J Obstet Gynecol
2008;199:e1–e5, discussion 91–92, e7–e11

13 Healthdata Management. Change the zero-sum game in health-
care. Available at: http://www.healthdatamanagement.com/is-
sues/20_9/data-analytics-ehr-electronic-health-record-44916-1.
html Accessed March 7, 2013

14 Nelson B. Valuebased purchasing—raising the stakes. TheHospital-
ist. August 2012. Available at: http://www.the-hospitalist.org/de-
tails/article/1056049/Value-Based_Purchasing_Raises_the_Stakes.
html Accessed March 7, 2013

15 American Association of Colleges of Nursing. Nursing Shortage.
Available at: www.aacn.nche.edu/media-relations/fact-sheets/
nursing-shortage. Accessed September 5, 2012

American Journal of Perinatology Vol. 31 No. 2/2014

Oxytocin Staffing Ratios Clark et al.122

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

http://www.ncbi.nlm.nih.gov/pubmed/20403061
http://www.ncbi.nlm.nih.gov/pubmed/20403061
http://www.chcf.org/~/media/MEDIA%20LIBRARY%20Files/PDF/A/PDF%20AssessingCANurseStaffingRatios.pdf
http://www.chcf.org/~/media/MEDIA%20LIBRARY%20Files/PDF/A/PDF%20AssessingCANurseStaffingRatios.pdf
http://www.healthdatamanagement.com/issues/20_9/data-analytics-ehr-electronic-health-record-44916-1.html
http://www.healthdatamanagement.com/issues/20_9/data-analytics-ehr-electronic-health-record-44916-1.html
http://www.healthdatamanagement.com/issues/20_9/data-analytics-ehr-electronic-health-record-44916-1.html
http://www.the-hospitalist.org/details/article/1056049/Value-Based_Purchasing_Raises_the_Stakes.html
http://www.the-hospitalist.org/details/article/1056049/Value-Based_Purchasing_Raises_the_Stakes.html
http://www.the-hospitalist.org/details/article/1056049/Value-Based_Purchasing_Raises_the_Stakes.html
http://www.aacn.nche.edu/media-relations/fact-sheets/nursing-shortage
http://www.aacn.nche.edu/media-relations/fact-sheets/nursing-shortage


16 The American Nurses Association. Nursing Shortage. Available at:
www.nursingworld.org/nursingshortage. Accessed September 5,
2012

17 Romano PS, Yasmeen S, Schembri ME, Keyzer JM, Gilbert WM.
Coding of perineal lacerations and other complications of obstetric
care in hospital discharge data. Obstet Gynecol 2005;106:717–725

18 Bruce FC, Berg CJ, HornbrookMC, et al. Maternal morbidity rates in
a managed care population. Obstet Gynecol 2008;111:1089–1095

19 MacKAy AP, Berg CJ, Liu X, Duran C, Hoyert DL. Changes in
pregnancy mortality ascertainment: United States, 1999–2005.
Obstet Gynecol 2011;118:104–110

20 Hankins GDV, Koen S, Gei AF, Lopez SM, Van Hook JW, Anderson
GD. Neonatal organ system injury in acute birth asphyxia suffi-

cient to result in neonatal encephalopathy. Obstet Gynecol
2002;99(5 Pt 1):688–691

21 Cooper GS, Chak A, Lloyd LE, Yurchick PJ, Harper DL, Rosenthal GE.
The accuracy of diagnosis and procedural codes for patients with
upper GI hemorrhage. Gastrointest Endosc 2000;51(4 Pt 1):
423–426

22 Austin PC, Daly PA, Tu JV. A multicenter study of the coding
accuracy of hospital discharge administrative data for patients
admitted to cardiac care units in Ontario. Am Heart J
2002;144:290–296

23 Association of Womens Heath. Obstetric and Neonatal Nurses.
Guidelines for Professional Registered Nurse Staffing for Perinatal
Units. AWONN, Washington DC, 2010

American Journal of Perinatology Vol. 31 No. 2/2014

Oxytocin Staffing Ratios Clark et al. 123

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

http://www.nursingworld.org/nursingshortage



