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Abstract

OBJECTIVE: Nephrolithiasis occurring during pregnancy may be associated with an elevated risk of preterm delivery and other adverse birth outcomes. The goal of this study was to describe the association between these outcomes and admission for nephrolithiasis during pregnancy.

METHODS: We performed a retrospective cohort study using birth certificate records linked to Washington State hospital discharge data from 1987–2003 to compare pregnant women admitted for nephrolithiasis and randomly selected pregnant women without nephrolithiasis. The main outcomes of interest were preterm delivery, premature rupture of membranes at term or before 37 weeks of gestation, low birth weight, and infant death.

RESULTS: A total of 2,239 women were admitted for nephrolithiasis, yielding a cumulative incidence of 1.7 admissions per 1,000 deliveries. Women admitted for nephrolithiasis during pregnancy had nearly double the risk of preterm delivery compared with women without stones (adjusted odds ratio 1.8, 95% confidence interval 1.5–2.1). However, they were not at higher risk for the other outcomes investigated. A total of 471 (25.9%) women had one or more procedures for kidney stones during prenatal hospitalization. Undergoing a procedure and the trimester of admission did not affect the risk of preterm delivery.

CONCLUSION: Although the incidence of nephrolithiasis requiring hospital admission during pregnancy is relatively low, these women have an increased risk of preterm delivery. This has potential implications for counseling of pregnant women with kidney stones requiring hospital admission. Additionally, it may prompt definitive treatment of small, asymptomatic stones in women during reproductive years.

LEVEL OF EVIDENCE: II

Nephrolithiasis is an uncommon event in pregnancy, but previous small case series have suggested that premature rupture of the membranes (PROM), preterm labor, and preterm birth occur in women with symptomatic kidney stones.1–3 The current evidence characterizing these risks in women with symptomatic nephrolithiasis is incomplete, and clinicians are reticent to perform therapeutic procedures on gravid women due to potential fetal risks. Therefore, the pregnant patient with kidney stones presents a challenge to obstetricians and urologists.

Improved understanding of these risks may facilitate clinical decisions, and provide the basis for informed counseling. The objective of this study was to describe the relationship between hospital admission for symptomatic nephrolithiasis during pregnancy and adverse birth outcomes using population-based hospital discharge and birth certificate data. In addition, we sought to describe the association between surgical procedures for nephrolithiasis and risk of preterm delivery.
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MATERIALS AND METHODS

We conducted a population-based retrospective cohort study of women who had a prenatal or intrapartum admission for urinary tract stones from 1987 through 2003 who subsequently delivered a liveborn, singleton infant. All women admitted for kidney stones in Washington State were identified with the Comprehensive Hospital Abstract Reporting System based on International Classification of Diseases, 9th Revision (ICD-9) codes 592.0 (nephrolithiasis), 592.1 (ureterolithiasis), and 592.9 (unspecified stone). These records were linked to statewide birth certificate data to identify those who gave birth during that hospitalization or within 270 days of their discharge (n=2,239). To minimize misclassification, women were excluded if time from discharge to birth was inconsistent with gestational age at delivery (n=4).

Comparison women without nephrolithiasis who delivered a liveborn, singleton infant were randomly selected in a 3:1 ratio and frequency-matched by year of delivery (n=6,729). Based on an estimated 11% and 7.5% prevalence of preterm delivery and low birth weight, respectively, the study had 80% power (α=.05) to detect an odds ratio of 1.45 for preterm delivery and 1.54 for low birth weight. Permission was obtained from the Washington State Department of Health to access these databases and University of Washington human subjects review board approval was obtained.

The primary exposure was intrapartum or prenatal hospital admission for nephrolithiasis during pregnancy. Outcomes of interest included preterm birth (less than 37 weeks), extreme prematurity (less than 32 weeks), low birth weight (less than 2,500 grams), and infant death (death within one year of birth). We also examined risk of PROM (rupture that occurs 12–24 hours before clinical onset of labor) and preterm PROM (PROM that occurs at less than 37 weeks gestation).

Two estimates of gestational age were available from the data source: gestational age in weeks (determined by ultrasonography) and gestational age in days (determined by date of last menstrual period). To classify gestational age, we used the age determined by ultrasonography when available (n=2,072). In the remaining cases (n=127), gestational age was classified using date of the last menstrual period.

Logistic regression was used to generate odds ratios (ORs) and 95% confidence intervals (95% CIs) as estimates of relative risk for adverse birth outcomes associated with hospital admission for symptomatic nephrolithiasis during pregnancy. Potential confounding variables selected to be in the final model a priori were ethnicity (white, African-American, Hispanic, and other), age (3-year groupings) and insurance status, as determined from the birth certificate. Other covariates considered were pyelonephritis (determined from ICD-9 codes), presence of maternal hypertension (any type), renal disease (determined by maternal discharge ICD-9 codes and birth certificate data), obesity (determined from maternal discharge ICD-9 codes), and parity (determined from the birth certificate). Confounding variables were chosen for inclusion in the model using a change in estimates approach and retained in the final model if they changed the risk estimate by 10% or more.4 Analyses were performed using Stata 8 (StataCorp, College Station, TX).

Polytomous logistic regression was used to perform two subgroup analyses to further characterize the risk of preterm birth.5 First, we compared risk of preterm birth among women who underwent procedures for nephrolithiasis, women who did not have these procedures, and women without an admission for stone. Procedures were identified using ICD-9 procedure codes from the discharge records (n=532). Sixty-one women (11%) had a procedure during the birth hospitalization and were excluded from this analysis because the timing of procedures with delivery date (ie, before or after delivery) could not reliably be ascertained. We then evaluated the risk of preterm birth based on trimester of admission for nephrolithiasis. Trimester was classified based on gestational age at time of admission, with less than 13 weeks gestation classified as first, 13–26 weeks classified as second, and more than 26 weeks classified as third. Statistical significance was tested using the likelihood ratio test. In short, a polytomous regression model that allowed separate odds ratios for nephrolithiasis patients based on procedure status (or trimester of stone admission) was tested against a nested polytomous regression model in which procedure status (or trimester of admission) was constrained to a common odds ratio. We used a χ2 distribution and degrees of freedom equal to the difference in the number of model parameters.
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RESULTS

During 1987–2003, there were 2,239 pregnant women admitted for nephrolithiasis who subsequently delivered a live singleton infant. Over the same time period, there were 1,297,625 births, which resulted in an overall incidence of 0.17% or 1.7 admissions per 1,000 pregnancies annually. Characteristics of the women admitted for stones and the sampled control cohorts are shown in Table 1. Women admitted with stone were slightly younger, more likely white, and multiparous. They were also more likely to have renal disease and hypertension.
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Women admitted for nephrolithiasis during pregnancy delivered 232 (10.6%) preterm infants compared with 423 (6.4%) preterm infants for those without nephrolithiasis (P<.001). The preterm infants born to women with kidney stones had a mean gestation of 34.7 weeks (range 24–36.9 weeks, standard deviation 1.9 weeks). There were 190 (81.9%) infants born at 34–36 weeks of gestation and 21 (9.1%) each at 32–33 weeks and before 32 weeks of gestation. Of those women with kidney stones who delivered prematurely, 161 (69.4%) were spontaneous, 49 (21.1%) were induced, 17 (11.6%) had premature rupture of the membranes, and in 5 (2.2%) the cause was unknown. Pregnant women admitted for nephrolithiasis were more likely to have labor induced and receive tocolytic therapy (Table 2). Administration of tocolytic agents was highly correlated with premature delivery (P<.001).
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Of those women admitted for kidney stones, 1,547 (69.1%) were admitted before the delivery hospitalization, 423 (18.9%) occurred during their delivery hospitalization, and 269 (12.0%) were admitted with nephrolithiasis both before and at delivery hospitalization. Most were admitted with a stone diagnosis during the third trimester (67.5%) followed by second trimester (26.5%) and first trimester (4.5%). There were 378 (16.9%) women admitted with kidney stones before the delivery hospitalization who had concomitant pyelonephritis. During the delivery hospitalization, 176 (7.9%) of the women with nephrolithiasis had a diagnosis of pyelonephritis compared with 115 (1.7%) of the control women (P<.001). A total of 471 (25.9%) women underwent one or more surgical procedures for their kidney stones before the delivery. There were 623 procedures identified and included: 363 ureteral catheterizations (58.3%), 158 procedures to remove ureteral obstruction (25.4%), 58 cases of ureteroscopy (9.3%), 29 percutaneous nephrostomies (4.7%), six ureterotomies (1.0), four nephrostomy procedures (0.6%), four ureteral procedures not otherwise specified (0.6%), three percutaneous nephrostomies followed by stone fragmentation (0.5%), and two cases of ultrasonic fragmentation (0.3%).

The odds of preterm delivery among women admitted for kidney stones during pregnancy compared with those who did not have kidney stones were 1.79 (95% CI 1.51, 2.13). Adjustment for a concomitant diagnosis of pyelonephritis at the time of delivery did not change the risk estimate, nor did exclusion of women with pyelonephritis. Extreme prematurity, low birth weight, PROM, preterm PROM, and infant death were not significantly associated with admission for nephrolithiasis (Table 3).
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In the subgroup analysis, women who were admitted with nephrolithiasis in all trimesters were at an increased risk of preterm delivery compared with those who were never admitted for kidney stones (Table 4). No single trimester posed a significantly increased risk compared with the other trimesters (likelihood ratio test, P=.93). Women who did and did not undergo procedures for nephrolithiasis both had an increase in risk of preterm delivery compared with women without admission for nephrolithiasis. Having a procedure did not significantly change the risk of preterm delivery (likelihood ratio test, P=.68).
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DISCUSSION

We observed an 80% increased risk of preterm delivery among pregnant women admitted for nephrolithiasis in the state of Washington. Notably, no change in risk of preterm delivery was found based on trimester of admission or for those women who underwent procedures to manage nephrolithiasis during hospitalization.

To our knowledge, there are only two small studies in the literature since 1965 that suggest an association between nephrolithiasis symptoms and preterm labor, and our study supports their findings. A complete literature search was performed to identify studies that addressed the incidence of preterm birth or other birth outcomes in gravid women with kidney stones. We reviewed PubMed from January 1965 to January 2007 for publications in English, and keywords used for the search were nephrolithiasis and pregnancy. In one case series, Drago et al noted that six out of nine pregnant women admitted for symptomatic kidney stones (67%) experienced preterm labor.3 This ceased with treatment of nephrolithiasis symptoms. In another series, 15 pregnant women were admitted for nephrolithiasis and 6 (40%) of the women delivered a premature infant.1 Premature delivery was less common in our study but may reflect the fact that the previous report was based on a single tertiary center experience.

Recently, a small case-control study (n=86) investigated multiple pregnancy complications and birth outcomes in women admitted for nephrolithiasis in Louisiana.2 In contrast to our study, the authors concluded there was increased preterm PROM in gravid women with symptomatic nephrolithiasis. This difference is likely because we were able to perform multivariate analysis with adjustment for gestational age. Interestingly, there was no elevated risk for low birth weight in the current study, but this may reflect that most premature infants were late preterm deliveries. Although we did not demonstrate an increase in extreme prematurity, the finding of increased mild and moderate preterm deliveries is important because there is an increased risk of morbidity and mortality in this infant population.6–8 In a study of US and Canadian infants, late preterm deliveries (34–36 weeks) had a five-fold increase in early neonatal death and nearly three-fold increase in total infant mortality compared with infants delivered at term.6 Therefore, the increased incidence of premature delivery among women who have been admitted for kidney stones is clinically significant.

Our results have important cautionary implications for the management of women who have asymptomatic, small kidney stones during their reproductive years. Previous studies have suggested that 43% of small stones (≤4mm) will become symptomatic and 77% of larger kidney stones (1 cm) will have disease progression.9,10 Small stones are often observed with a goal of spontaneous passage, but urologists may consider definitive treatment for those women planning pregnancy. This information also provides a basis for informed counseling of those women who are not currently attempting pregnancy but elect for stone observation.

The etiology of the association between symptomatic nephrolithiasis and preterm delivery is unknown. Increased labor induction in the nephrolithiasis group suggests the possibility that women have labor induced to receive definitive treatment of their kidney stones. This may account for some cases of elective preterm delivery. On the other hand, significantly increased tocolytic use in women admitted for nephrolithiasis suggests spontaneous preterm labor as one possible etiology. Tocolytic agents may not always be administered in the setting of true preterm labor, but in this population their use was highly correlated with preterm delivery. It has been suggested that dehydration from vomiting may precipitate preterm labor mediated by secretion of anti-diuretic hormone and oxytocin.2,11 Preterm labor from symptomatic kidney stones may also be a prostaglandin mediated process. The role of prostaglandins in ureteral obstruction has been documented,12–14 and they also promote labor by stimulating uterine contractions and ripening the cervix.15 11

In the present study, nephrolithiasis requiring admission occurred most commonly in the second and third trimesters and trimester at admission did not appear to affect risk of preterm delivery. In addition to progesterone mediated dilation of the right ureter, there is also a mechanical obstruction secondary to right ovarian vein enlargement and uterine dextro-rotation. This may explain the onset of nephrolithiasis symptoms and admission later in pregnancy. Previous reports have suggested that most kidney stones will pass spontaneously,1,16 but in Washington State, over one fourth of the women admitted in the prenatal period had at least one procedure related to their stone. Although there is reticence to perform surgical procedures in gravid women, our findings did not demonstrate a change in the risk of preterm delivery in those receiving surgical intervention. However, given the observational nature of the data and potential for confounding by indication, it is difficult to draw a firm conclusion about surgical interventions and the risk of preterm delivery in this patient population.

There are few risk factors identified for nephrolithiasis in the general population. The condition is more commonly seen in white individuals and our study results concur. Women admitted for kidney stones were younger (P<.001), but this age difference is not clinically significant. More recently, body mass index and hypertension have been identified as risk factors in women,17–19 and some have raised the possibility of multiparity as a risk factor for kidney stones.20 Pregnant women in Washington State admitted for kidney stones were more likely to have renal disease and hypertension. Although there were minor differences in parity between cohorts, this was not a confounder in age-adjusted analyses. Therefore, the association of parity may reflect increasing age, a known stone risk factor. We were unable to reliably classify obesity in this study and therefore could not examine the relationships among obesity, nephrolithiasis, and adverse birth outcomes.

This study has several limitations. First, misclassification can occur due to coding errors. In Washington, hospital discharge data has been reported to be accurate for reporting in-hospital procedures. Thus, use of hospital discharge data decreases the likelihood of misclassification for procedures recorded during hospitalization.21,22 Another limitation is the possibility that some women may not have been pregnant at the time of stone admission. We attempted to minimize this by eliminating those with inconsistent timing of gestational age with admission. These errors in exposure measurement are likely nondifferential, and if present, would bias the relative risk toward the null and falsely attenuate our risk estimates. In addition, our study only includes women that were admitted for nephrolithiasis. Pregnant women treated for nephrolithiasis as outpatients could not be identified because Comprehensive Hospital Abstract Reporting System is based on discharge information. However, pregnant women with symptoms of nephrolithiasis would generally be admitted for analgesia, observation, and hydration. Therefore, most of the symptomatic cases of nephrolithiasis were likely identified. Last, pregnancy rates in Washington State are among some of the lowest in the United States23 and this may affect the generalizability of the results.

The diagnostic approach to the gravid woman with nephrolithiasis has been well documented,24,25 but management of these patients remains a challenge. Studies such as this one are the first step in understanding how nephrolithiasis alters the risk of adverse birth outcomes as well as the seriousness of this diagnosis in the gravid woman. These results should allow for more informed counseling of these women and may prompt urologists to more aggressively treat small, asymptomatic stones in women during their reproductive years.
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Table 3. Crude and Adjusted Odds Ratios for Birth Outcomes of Interest

Selected Birth Outcomes Odds Ratio (95% CI)

Adjusted Odds Ratio (95% CI)

Preterm delivery
Very preterm delivery
Low birth weight
PROM

Preterm PROM
Infant death

1.72 (1.46-2.04)
1.11(0.67-1.83)
1.38 (1.11- 171)
1.12 (0.97-1.30)
1.60 (1.00-2.60)
0.84 (0.44-1.59)

PROM, premature rupture of membranes.

* Adjusted for age (3-year groupings), race, and payer.
" Adjusted for age (3-year groupings), race, payer, gestational age, and diagnosis of pyelonephritis.
ear groupings), race, payer, and gestational age.

+ Adiusted for age (3
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Table 4. Selected Potential Risk Factors for Preterm Delivery in Pregnant Women Admitted for

Nephrolithiasis

Maternal Risk Factor

n (%)

Preterm Birth [OR (95% CI)]

P (Likelihood Ratio Test)

Procedures for kidney stone 94
Controls ,729 (75.5) Referent
Stone, no procedure 1,725 (19.4) 1.72 (1.42-2.08)
Stone, had a procedure 453 (5.1) 1.69 (1.22-2.34)
Trimester of admission 93
Controls 6,729 (75.3) Referent
First trimester 101 (1.1) 2.04 (1.10-3.77)
Second trimester 594 (6.7) J A .40)
Third trimester 1,512 (16.9) 1.76 (1.44-2.14)
* Adjusted for maternal age, payer, and race.
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Table 1. Maternal Characteristics of Pregnant Women Admitted tor Nephrolithiasis Compared With
Those Who Were Not

Maternal Characteristics No Stone Admission (n=6,729)* Admitted for Stone (n=2,239) Pt
Mean maternal age (y) 27.3 (%6.1) 26.6 (+5.5) <.001
Race <.001
White 4,990 (74.2) 1, xbo (83.3)
African-American 231 (2.4) 32 (1.4)
Hispanic 682 (10.1) ]ad (6.8)
Unknown 826 (12.3) 188 (8.4)
Payer A9
Private/HMO 2,665 (39.6) 861 (38.4)
Medicare/Medicaid/L and T 2,223 (33.0) 747 (33.4)
Health services contractor 1,545 (23.0) 532 (23.8)
Other sponsored patients 123 (1.8) 53 (2.4)
Self pay/charity care 173 (2.6) 44 (2.0)
Parity <001
Primiparous 2,757 (41.0) 823 (36.8)
Multiparous 3,860 (57.4) 1,371 (61.2)
Renal disease 18 (0.30) 194 (8.7) <.001
Presence of hypertension 55(0.82) 29 (1.3) .04

HMO, health maintenance organization; L and I, labor and industry.

Data are mean (*standard deviation) or n (%).

* Percentages that do not add up to 100 are secondary to rounding or missing data for the selected characteristic.
* Pvalue based on ¥? test for categorical and Student ¢ test for continuous data.
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Table 2. Selected Labor Characteristics of Women Who Had Prepartum and Intrapartum Admissions for
Nephrolithiasis

Selected Labor Characteristics Not Admitted for Nephrolithiasis Admitted for Nephrolithiasis P*
Spontaneous labor 4,941 (73.5) 1,616 (72.2) 22
Induced labor 1,170 (18.4) 597 (28.7) <.001
PROM 200 (3.2) 58 (2.9) Al
Stimulated labor 1,120 (17.8) 351(17.0) 43
Cesarean delivery 1,498 (22.3) 538 (24.0) 09
Tocolytic used 173 (2.9) 88 (4.6) 001

PROM, premature rupture of membranes.
Data are n (%),
* Pvalue based on y? test.





