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INTRODUCTION — Normal pregnancy is characterized by profound changes in almost every organ system
in order to accommodate the demands of the fetoplacental unit. This topic will review changes in the lower
urinary tract and kidney.

URINARY TRACT CHANGES — Pregnancy affects both the kidney and the remainder of the urinary tract.

Increased renal size — Both kidneys increase in size by 1 to 1.5 cm during pregnancy [1]. Kidney volume
increases by up to 30 percent, primarily due to an increase in renal vascular and interstitial volume. There are
no histological changes or changes in number of nephrons, but the glomerular filtration rate is also increased
(see 'Increase in GFR' below).

The renal pelvises and caliceal systems may be dilated as a result of progesterone effects and mechanical
compression of the ureters at the pelvic brim (see 'Ureters' below).

Ureters — Dilatation of the ureters and renal pelvis (hydroureter and hydronephrosis) is more prominent on
the right than the left and is seen in up to 80 percent of pregnant women [2]. These changes can be
visualized on ultrasound examination by the second trimester, and may not resolve until 6 to 12 weeks
postpartum.

The dilated collecting system can hold 200 to 300 mL of urine. The resulting urinary stasis can serve as a
reservoir for bacteria, which may contribute to the increased risk of pyelonephritis in pregnancy. (See "Urinary
tract infections and asymptomatic bacteriuria in pregnancy".)

Hydroureter and hydronephrosis in pregnancy have been attributed to hormonal effects, external
compression, and intrinsic changes in the ureteral wall [3]. The following factors may contribute:

Pathologic obstruction (ie, by nephrolithiasis or stricture) will also lead to ureteral dilatation. It frequently
results in flank pain, and can often be distinguished from physiologic hydronephrosis by radiographically or

®
®

High concentrations of progesterone reduce ureteral tone, peristalsis, and contraction pressure.●

More prominent involvement of the right ureter may be due to dextrorotation of the uterus by the sigmoid
colon, kinking of the ureter as it crosses the right iliac artery, and/or proximity to the right ovarian vein.

●

The vessels in the suspensory ligament of the ovary enlarge and may compress the ureter at the brim of
the bony pelvis.

●

Uterine enlargement may cause the ureters to become elongated, tortuous, and displaced laterally as
pregnancy advances. In rare cases, compression of the ureters causes pain and true urinary obstruction,
which resolves with placing the mother on her side, insertion of stents, and/or delivery [4]. (See "Acute
kidney injury (acute renal failure) in pregnancy", section on 'Urinary tract obstruction'.)

●

Hypertrophy of Waldeyer's sheath (the connective tissue that surrounds the ureters within the true pelvis)
may prevent hormone-induced dilatation below the pelvic brim [5].

●
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sonographically visualizing the cause of the obstruction. (See "Nephrolithiasis during pregnancy".)

Bladder — The bladder mucosa is edematous and hyperemic in pregnancy. Although progesterone-induced
bladder wall relaxation may lead to increased capacity, the enlarging uterus displaces the bladder superiorly
and anteriorly, and flattens it, which can decrease capacity. Studies of bladder capacity during pregnancy
have yielded conflicting results.

Vesicoureteral reflux — Bladder flaccidity may cause incompetence of the vesicoureteral valve. This
change, combined with increased intravesical and decreased intraureteral pressure, appears to result in
intermittent vesicoureteral reflux [6,7].

URINARY SYMPTOMS — Urinary frequency, nocturia, dysuria, urgency, and stress incontinence are
common during pregnancy [8].

Frequency and nocturia — Urinary frequency (voiding >7 times per day) and nocturia (voiding ≥2 times at
night) are among the most common pregnancy-related complaints, affecting 80 to 95 percent of women at
some point during gestation [9-11]. Frequency appears to be multifactorial which is in part due to changes in
bladder function and in part to a small increase in urine output (see 'Polyuria and diabetes insipidus'
below) [9,12]. Urinary frequency typically begins in the first trimester; thus, mechanical compression of the
bladder by the enlarged uterus is not likely to be the primary cause.

Nocturia is common and increases with advancing gestation. In a survey of 256 pregnant women, 86 percent
reported nocturia by the third trimester, with 20 percent of women indicating they voided three or more times
nightly [13]. The major cause of nocturia appears to be that pregnant women excrete larger amounts of
sodium and water during the night than nonpregnant women [14]. In the latter stages of pregnancy, this may
be partially attributable to nocturnal mobilization of dependent edema in the lateral position.

Urgency and incontinence — Several studies have described an increase in urgency and urinary
incontinence during pregnancy [12,15,16], which may be due to uterine pressure on the bladder, hormonal
effects on the suspensory ligaments of the urethra, and/or altered neuromuscular function of the urethral
striated sphincter [8,12,17,18]. Treatment includes pelvic floor muscle training. (See "Treatment of urinary
incontinence in women", section on 'Pelvic floor muscle exercises (Kegel exercises)'.)

Urinary incontinence during pregnancy is associated with an increased risk of persistent incontinence six
months postpartum. Pregnancy- and delivery-related urinary incontinence is reviewed elsewhere. (See
"Urinary incontinence and pelvic organ prolapse associated with pregnancy and childbirth".)

Postpartum changes — The bladder and urethra inevitably experience some trauma during labor and
delivery. The traumatic changes include mucosal congestion and submucosal hemorrhage, which are most
evident at the trigone [19].

Bladder sensitivity/sensation is also decreased from trauma. As a result, detrusor atony, increased postvoid
residual urine, bladder overdistention, and urinary retention are frequently encountered in women in the first
few days after delivery. These symptoms are typically mild, transient, and completely reversible.

RENAL HEMODYNAMICS — Normal pregnancy is characterized by widespread vasodilation, with increased
arterial compliance and decreased systemic vascular resistance (figure 1). These global hemodynamic
changes are accompanied by increases in renal perfusion and glomerular filtration rate (table 1). In late
gestation, assumption of the left lateral position is associated with increases in glomerular filtration rate and
sodium excretion [20].

Humoral factors that contribute to volume regulation during pregnancy and cardiovascular and hemodynamic
changes related to pregnancy are discussed separately. (See "Maternal endocrine and metabolic adaptation
to pregnancy" and "Maternal cardiovascular and hemodynamic adaptations to pregnancy".)
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Several authors have published normal reference ranges for laboratory results in pregnant women, which
vary slightly [21-23]. The following table represents one example (table 2).

Increase in GFR — Glomerular filtration rate (GFR) rises markedly during pregnancy, primarily due to
elevations in cardiac output and renal blood flow. Studies in both rodents and humans suggest that the
increase in GFR results from enhanced glomerular plasma flow, rather than increased intraglomerular
capillary pressure.

The increase in GFR is observed within one month of conception and peaks at approximately 40 to 50
percent above baseline levels by the early second trimester and then declines slightly toward term [24].
Renal blood flow increases by 80 percent above nonpregnant levels.

The physiologic increase in GFR during pregnancy results in a decrease in serum creatinine concentration,
which falls by an average of 0.4 mg/dL (35 micromol/L) to a normal range of 0.4 to 0.8 mg/dL (35 to 70
micromol/L). Thus, a serum creatinine of 1.0 mg/dL (88 micromol/L), while normal in a non-pregnant
individual, reflects renal impairment in a pregnant woman. Blood urea nitrogen (BUN) levels fall to
approximately 8 to 10 mg/dL (2.9 to 3.9 mmol/L) for the same reason.

Mechanisms — The mechanisms for decreased vascular resistance and increased renal plasma flow
during pregnancy are not fully understood. Reduced vascular responsiveness to vasopressors such as
angiotensin 2, norepinephrine, and vasopressin is well-documented [25]. Nitric oxide synthesis increases
during normal pregnancy and may contribute to the systemic and renal vasodilation and the fall in blood
pressure [26,27].

The ovarian hormone and vasodilator relaxin appears to be a key upstream mediator of enhanced nitric oxide
signaling in pregnancy. Relaxin is a peptide hormone in the insulin family; it is normally produced in the
corpus luteum, and in pregnancy is secreted in large amounts by the placenta and decidua in response to
human chorionic gonadotropin (hCG) [28]. Relaxin increases endothelin and nitric oxide production in the
renal circulation, leading to generalized renal vasodilation, decreased renal afferent and efferent arteriolar
resistance, and a subsequent increase in renal blood flow and GFR.

Chronic administration of relaxin to conscious male and castrated female rats mimics the renal hemodynamic
changes of pregnancy (20 to 40 percent increase in GFR and renal plasma flow); these changes can be
abolished by the administration of a nitric oxide synthase inhibitor [29]. In pregnant rats, increases in GFR
and renal plasma flow can also be abolished by the administration of antirelaxin antibodies or by
oophorectomy [30].

Relaxin has systemic hemodynamic effects which may be beneficial in human disease, particularly heart
failure. (See "Investigational and emerging therapies for heart failure".)

Estimation of GFR — Management of women with preeclampsia or preexisting kidney disease in pregnancy
requires an understanding of whether the GFR (and therefore, disease severity) is changing or stable;
knowledge of the absolute value of the GFR is not usually needed. Changes in GFR are best identified by
monitoring changes in the serum creatinine concentration. A rising serum creatinine concentration implies a
reduction in GFR, a falling level indicates improvement, and a stable value usually reflects stable function.
(See "Assessment of kidney function".)

Among pregnant women with a normal serum creatinine at baseline, the creatinine may remain within the
normal range despite a significantly reduced GFR. A small rise in serum creatinine usually reflects a marked
reduction in renal function. For example, in a physiologic study, women with preeclampsia had a 40 percent
reduction in GFR as compared with control pregnant women (89 versus 149 mL/min/1.73m2 BSA), but their
serum creatinine levels remained within the normal range (0.89 mg/dL in preeclamptic versus 0.60 mg/dL in
control pregnancies) [31]. Hence, careful attention to small fluctuations in serum creatinine is required to
detect renal injury in pregnancy.
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Assessment of renal function with a 24-hour urine collection for creatinine clearance is cumbersome for the
patient, and is of limited accuracy in pregnancy [32]. Overcollection and undercollection of 24-hour urine
samples appear to be more common in pregnancy than in nonpregnant women [32]. This may be due, in
part, to urinary stasis from dilatation of the lower urinary tract in pregnancy; several hundred milliliters of urine
can be trapped in the dilated ureters, resulting in a significant lapse between urine formation and urine
collection. Estimates of GFR based on the Modification of Diet in Renal Disease (MDRD) equation are also
inaccurate during pregnancy. Studies in early and late normal pregnancy and in pregnancies complicated by
renal disease or preeclampsia show that MDRD substantially underestimates GFR as measured by inulin
clearance during pregnancy and cannot be recommended for use in clinical practice [33,34]. Similarly, the
CKD-EPI estimation formula significantly underestimates GFR in pregnant women [35]. (See "Assessment of
kidney function", section on 'Limitations of using creatinine clearance' and "Assessment of kidney function",
section on 'Estimation equations'.)

OTHER CHANGES

Mild hyponatremia — The plasma osmolality in normal pregnancy falls to a new set point of about 270
mosmol/kg, with a proportional decrease in plasma sodium concentration that is 4 to 5 meq/L below
nonpregnancy levels [36]. The physiological responses to changes in osmolality above or below the new set
point (ie, thirst and release of antidiuretic hormone [ADH] from the pituitary) are intact.

The reduced set point for plasma osmolality has been attributed to pregnancy-related vasodilation and
resultant arterial underfilling, which stimulates ADH release and thirst. However, intrathoracic blood volume
expansion using head out of water immersion does not correct hypoosmolality in pregnant women.

There is evidence that hyponatremia of pregnancy is mediated by hormonal factors. The fall in the plasma
sodium concentration during pregnancy correlates closely with increased production of hCG [37,38].
Furthermore, the administration of hCG to normal women during the luteal phase of the menstrual cycle can
induce a similar resetting of the thresholds for ADH release and thirst [37,39]. Rather than acting directly,
hCG appears to produce these changes via the release of relaxin [29]. As an example, hyponatremia in
pregnant rats can be corrected by the administration of antirelaxin antibodies or by oophorectomy [30]. As
noted above, relaxin also plays an important role in the increased glomerular filtration rate in pregnancy (see
'Mechanisms' above).

Attempts to correct the physiologic hyponatremia of pregnancy are both unnecessary (the change is mild and
asymptomatic) and ineffective. Resetting of the osmostat means that the plasma sodium concentration will be
maintained at the new level despite variations in water or sodium intake.

The plasma sodium concentration spontaneously rises to prepregnancy levels within one to two months after
delivery [36,38].

Increased protein excretion — Urinary protein excretion rises in normal pregnancy from the nonpregnant
level of about 100 mg/day to about 180 to 200 mg/day in the third trimester. This may result in a positive
dipstick result when a concentrated urine sample is examined. (See "Proteinuria in pregnancy: Evaluation
and management".)

Urine protein excretion is even higher in uncomplicated twin pregnancy, which can lead to diagnostic
confusion, because values greater than 300 mg/day are considered abnormal by the American College of
Obstetricians and Gynecologists. In a prospective study of 50 twin pregnancies, 15 of 35 women (43 percent)
who never developed hypertension had urine protein excretion of at least 300 mg/day at 30 weeks of
gestation [40]. If confirmed in a larger study, these findings suggest that the definition of pathologic
proteinuria in singleton pregnancies should not be applied to twin pregnancies.

The increase in proteinuria that occurs during late pregnancy in women with preexisting proteinuria is more
exaggerated than would be expected from the increased GFR alone.
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Chronic respiratory alkalosis — Minute ventilation rises in early pregnancy and continues to increase until
term, leading to a modest fall in the pCO2 (to 27 to 32 mmHg) and mild respiratory alkalosis. These changes
are due to direct stimulation of the central respiratory centers by progesterone [41]. The increase in minute
ventilation allows maintenance of a high-normal pO2 despite the 20 to 33 percent increase in oxygen
consumption in pregnancy. (See "Physiologic respiratory changes and dyspnea during pregnancy", section
on 'Respiratory changes'.)

Hypouricemia — Serum uric acid declines in early pregnancy because of the rise in GFR, reaching a nadir
of 2.0 to 3.0 mg/dL (119 to 178 micromol/L) by 22 to 24 weeks [42]. Thereafter, the uric acid level begins to
rise, reaching nonpregnant levels by term. The late gestational rise in uric acid is attributed to increased renal
tubular absorption of urate.

Decrease in serum anion gap — For reasons that are not well understood, there appears to be a small
reduction in serum anion gap in pregnant women. This was shown in a cross-sectional study of 119 normal
pregnant women (6 in the first trimester, 47 in the second trimester, 59 in the third trimester, and 13
postpartum) [43]. The serum anion gap was modestly but significantly lower in pregnancy than postpartum
(8.5 versus 10.7).

Impaired tubular function — Pregnancy is associated with reductions in fractional reabsorption of glucose,
amino acids, and beta microglobulin, which results in higher rates of urinary excretion. Thus, pregnant
patients may exhibit glucosuria and aminoaciduria in the absence of hyperglycemia or renal disease.

POLYURIA AND DIABETES INSIPIDUS — Although urinary frequency due to changes in lower urinary tract
function is common in pregnancy, true polyuria, defined as urine output exceeding 3 L/day, is not physiologic.
Transient diabetes insipidus of pregnancy is a rare, but important cause of pathologic polyuria, often
accompanied by hypernatremia in settings where water intake is restricted. This disorder is related to
increased metabolism of antidiuretic hormone (ADH, also called vasopressin).

Transient DI of pregnancy — Antidiuretic hormone (ADH) increases renal water reabsorption and
decreases urine output. This effect is mediated by activation of the V2 receptor in the renal collecting tubules,
resulting in enhanced renal water reabsorption and the formation of concentrated urine. Between the eighth
week and mid pregnancy, the metabolic clearance of ADH increases four- to six-fold because of an increase
in vasopressinase (also known as oxytocinase), which is produced by the placenta. Enzyme activity
continues to increase, peaking in the third trimester, remaining high during labor and delivery, and then falling
to undetectable levels two to four weeks postpartum. In most pregnant women, plasma concentrations of
ADH remain in the normal range, despite increased metabolic clearance, because of a compensatory
increase in ADH production by the pituitary gland. As a result, most women do not become polyuric.

A small number of pregnant women, however, develop transient DI, which is underdiagnosed because
polyuria is often considered normal during pregnancy [38,44-50]. The possibility of this disorder should be
considered in women with intense polydipsia and polyuria in the third trimester. The diagnosis is supported by
the findings of a high-normal plasma sodium (the plasma sodium concentration in normal pregnancy typically
is approximately 5 meq/L lower than in nonpregnant women [39]) in combination with an inappropriately low
urine osmolality (ie, below that of plasma) [44-46]. Hypernatremia can occur if water intake is restricted, as in
the peripartum period [46,48,51]. If unrecognized and untreated, hypernatremia can result in serious
neurologic consequences in both the mother and fetus [51]. Oligohydramnios has also been reported [51].

Transient DI of pregnancy is thought to be due to increased pregnancy-related vasopressinase levels or
activity. Women with multiple gestations, because of a larger placental volume, have higher circulating levels
of vasopressinase and thus are more likely to experience polyuria. DI caused by increased vasopressinase
activity resolves postpartum and does not usually recur in subsequent pregnancies.

Women with preeclampsia, HELLP syndrome, and acute fatty liver of pregnancy are also at increased risk for
transient DI of pregnancy. The mechanism in these cases is decreased degradation of vasopressinase due to
hepatic dysfunction [49,52].
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Management — Transient DI of pregnancy can be effectively treated with desmopressin (dDAVP, 5 to 20
mcg intranasally or 2 to 5 mcg subcutaneously every 12 to 24 hours) [46]. Desmopressin is a vasopressin
analog that is resistant to degradation by vasopressinase [44,49,53]. Arginine vasopressin, the form of ADH
secreted by the neurohypophysis, is degraded by the high levels of vasopressinase found in transient DI of
pregnancy, and is therefore ineffective. No adverse maternal or fetal effects from desmopressin use during
pregnancy have been reported [54]. It should be given at dosages equal to or slightly higher than those used
to treat central DI in nonpregnant patients. We suggest restriction of water intake to 1000 mL per day during
desmopressin therapy to avoid the development of iatrogenic hyponatremia [46].

In the rare patients who develop hypernatremia, simultaneous water administration (either orally or
intravenously) is necessary to correct the total body water deficit. The serum sodium concentration should be
closely monitored and the rate of correction limited to no more than 12 meq/L per day to avoid cerebral
edema from a rapid fall in serum osmolality. (See "Treatment of hypernatremia", section on 'Step two:
Choose a rate of correction'.)

Subclinical central or nephrogenic DI — Some pregnant women with signs and symptoms of DI have
central or nephrogenic DI that was subclinical prior to pregnancy [44,49,55]. On careful questioning, they
typically describe polyuria and polydipsia prior to pregnancy, with transient worsening of symptoms during
pregnancy. In these cases, polyuria tends to recur with every pregnancy. (See "Clinical manifestations and
causes of central diabetes insipidus" and "Clinical manifestations and causes of nephrogenic diabetes
insipidus" and "Treatment of central diabetes insipidus" and "Treatment of nephrogenic diabetes insipidus".)

Other causes of DI in pregnancy

SUMMARY AND RECOMMENDATIONS

Some women develop transient polyuria that is responsive to vasopressin, as well as desmopressin, that
recurs in subsequent pregnancies [44]. Limited secretory reserve may play an important role in this
setting, as the patient cannot compensate for even a modest increase in ADH catabolism.

●

True vasopressin- and desmopressin-resistant nephrogenic DI has been reported in a few women
[44,56]. The mechanism is uncertain, but spontaneous resolution occurs after delivery.

●

Central DI rarely occurs postpartum in women with severe hemorrhage at delivery and subsequent
hypopituitarism [44]. (See "Causes of hypopituitarism".)

●

Physiologic ureteral dilatation (hydronephrosis and hydroureter) is common during pregnancy, and
results from hormonal effects, external compression, and intrinsic changes in the ureteral wall. Kidney
size also increases. (See 'Urinary tract changes' above.)

●

Urinary frequency and nocturia are among the most common pregnancy-related complaints, but usually
require no specific treatment. Urinary incontinence also can occur during pregnancy. (See 'Urinary
symptoms' above.)

●

Glomerular filtration rate (GFR) and renal blood flow rise markedly during pregnancy, resulting in a
physiologic fall in the serum creatinine concentration. A serum creatinine of 1.0 mg/dL in a pregnant
woman probably reflects significant renal insufficiency. (See 'Renal hemodynamics' above.)

●

In most clinical settings, including preeclampsia and pregnant women with mild renal insufficiency,
precise estimation of GFR is not required. Whether the GFR is changing or is stable is best determined
by monitoring changes in the serum creatinine concentration. (See 'Estimation of GFR' above.)

●

Other physiologic changes occuring in pregnancy include chronic respiratory alkalosis and mild
hyponatremia. Fractional absorption of glucose, amino acids, and beta microglobulin are decreased,
which can lead to mild glucosuria and aminoaciduria. Protein excretion increases. (See 'Other changes'
above.)

●
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GRAPHICS

Hemodynamic changes in normal pregnancy

Normal pregnancy is characterized by an increase in cardiac output, a
reduction in systemic vascular resistance, and minimal change in mean blood
pressure. These changes are associated with a 10- to 15-beat/minute
increase in heart rate.

BP: blood pressure; SVR: systemic vascular resistance.
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Hemodynamic and renal changes during normal pregnancy

Systemic hemodynamics

Increase in cardiac output

Fall in vascular resistance and blood pressure

Blood volume expansion

Renal function and electrolyte balance

Increase in glomerular filtration rate

Chronic respiratory alkalosis

Hyponatremia due to resetting of osmostat

Increased ADH metabolism and polyuria in selected women
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Normal reference range of renal function tests in pregnant women

Test
Normal (reference) range

First trimester Second trimester Third trimester

Sodium (mEq/L) 133 to 148 129 to 148 130 to 148

Potassium (mEq/L) 3.6 to 5.0 3.3 to 5.0 3.3 to 5.1

Chloride (mEq/L) 101 to 105 97 to 109 97 to 109

BUN (mg/dL) 7 to 12 3 to 13 3 to 11

Creatinine (mg/dL) 0.4 to 0.7 0.4 to 0.8 0.4 to 0.9

Calcium (mg/dL) 8.8 to 10.6 8.2 to 9.0 8.2 to 9.7

Magnesium (mg/dL) 1.6 to 2.2 1.5 to 2.2 1.5 to 2.2

Phosphate (mg/dL) 3.1 to 4.6 2.5 to 4.6 2.8 to 4.6

Uric acid (mg/dL) 2.0 to 4.2 2.4 to 4.9 3.1 to 6.3

Albumin (g/dL) 3.1 to 5.1 2.6 to 4.5 2.3 to 4.2

24 hour protein
excretion (mg)

19 to 141 47 to 186 46 to 185

Data from: Abbassi-Ghanavati M, Greer LG. Reference Table of Normal Laboratory Values in Uncomplicated
Pregnancies. In: Cunningham FG, Leveno KJ, Bloom S, Hauth JC, Rouse DJ, Spong CY. Williams Obstetrics,
23rd Edition. New York: McGraw-Hill, 2010.
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