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BSTRACT

 

Background

 

Pregnant women with mild preexist-
ing renal disease have relatively few complications 
of pregnancy, but the risks of maternal and obstetri-
cal complications in women with moderate or severe 
renal insufficiency remain uncertain.

 

Methods

 

We determined the frequency and types 
of maternal and obstetrical complications and the 
outcomes of pregnancy in 67 women with primary 
renal disease (82 pregnancies). All the women had 
initial serum creatinine concentrations of at least 1.4 
mg per deciliter (124 

 

m

 

mol per liter) and gestations 
that continued beyond the first trimester.

 

Results

 

The mean (

 

�

 

SD) serum creatinine con-
centration increased from 1.9

 

�

 

0.8 mg per deciliter 
(168

 

�

 

71 

 

m

 

mol per liter) in early pregnancy to 
2.5

 

�

 

1.3 mg per deciliter (221

 

�

 

115 

 

m

 

mol per liter) in 
the third trimester. The frequency of hypertension 
rose from 28 percent at base line to 48 percent in the 
third trimester, and that of high-grade proteinuria 
(urinary protein excretion, 

 

�

 

3000 mg per liter) from 
23 percent to 41 percent. For the 70 pregnancies (57 
women) for which data were available during preg-
nancy and immediately post partum, pregnancy-
related loss of maternal renal function occurred in 43 
percent. Eight of these pregnancies (10 percent of 
the total) were associated with rapid acceleration of 
maternal renal insufficiency. Obstetrical complica-
tions included a high rate of preterm delivery (59 
percent) and growth retardation (37 percent). The in-
fant survival rate was 93 percent.

 

Conclusions

 

Among pregnant women with mod-
erate or severe renal insufficiency, the rates of com-
plications due to worsening renal function, hyperten-
sion, and obstetrical complications are increased, but 
fetal survival is high. (N Engl J Med 1996;335:226-32.)
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HE editorial comment “children of wom-
en with renal disease used to be born dan-
gerously or not at all — not at all if their
doctors had their way,”

 

1

 

 reflects an early
view of the effect of kidney disease on pregnancy.
However, among pregnant women with mild renal
insufficiency (serum creatinine, 

 

�

 

1.4 mg per decili-
ter [124 

 

m

 

mol per liter]) fetal survival is only mod-
erately reduced and the underlying disease is not ir-
reversibly worsened.

 

2-6

 

 In contrast, the presence of
moderate or severe renal insufficiency in pregnancy
has been reported to accelerate the underlying dis-
ease and markedly reduce fetal survival.

 

2,7

 

 

T

 

This study was organized as a joint project among
six medical centers to determine the frequency and
types of complications during pregnancy in women
with preexisting moderate or severe renal insufficien-
cy and the types of fetal and neonatal complications.

 

METHODS

 

We analyzed the outcomes of 82 pregnancies in 67 women
with preexisting primary renal disease who were seen at the six
centers between 1971 and 1993 (13 women were followed dur-
ing 2 pregnancies, and 1 during 3 pregnancies). All the women
had a serum creatinine concentration of at least 1.4 mg per dec-
iliter before pregnancy or at the first antepartum visit and a preg-
nancy that continued beyond the first trimester. In 74 pregnan-
cies (90 percent) the women had renal disease before becoming
pregnant. The renal disease was classified as either chronic glo-
merulonephritis or chronic tubulointerstitial disease, on the basis
of a biopsy or the extent of proteinuria and characteristic changes
on intravenous pyelography.

Serum creatinine was used as an index of the glomerular filtra-
tion rate. Renal insufficiency was regarded as moderate when the
serum creatinine concentration was 1.4 to 2.4 mg per deciliter
(124 to 220 

 

m

 

mol per liter) and severe when it was 2.5 mg per
deciliter (221 

 

m

 

mol per liter) or more. Since the serum creatinine
concentration is not linearly related to changes in the glomerular
filtration rate, we used the equation 1/serum creatinine (1/S

 

Cr

 

),
whose result correlates linearly with the filtration rate,

 

8

 

 to es-
timate changes in the glomerular filtration rate during and after
pregnancy as compared with the values at the initial antepartum
visit in the first or second trimester. To account for nonspecific
variations, a 25 percent change in the value of 1/S

 

Cr

 

 was judged
to indicate a change in the glomerular filtration rate. End-stage
renal disease was defined as a serum creatinine concentration
above 6.0 mg per deciliter (530 

 

m

 

mol per liter).
Hypertension was defined as a mean arterial blood pressure

above 105 mm Hg, with the mean pressure calculated as [systolic
pressure 

 

�

 

 (diastolic pressure 

 

�

 

 2)]/3.

 

9

 

 The criterion for the de-
velopment of hypertension during pregnancy was the finding of
a mean arterial blood pressure above 105 mm Hg in women
whose mean arterial pressure had previously been 105 mm Hg or
less. Exacerbation of preexisting hypertension was defined as an
increase in the mean arterial blood pressure of 20 mm Hg.

Proteinuria was classified by quantitative or semiquantitative
measurements as absent if testing with a dipstick showed no pro-
tein or trace levels or if the level was below 300 mg per liter, low
grade if the dipstick showed a value of 1

 

�

 

 or 2

 

�

 

 or the level was
300 to 3000 mg per liter, and high grade if the dipstick showed
a value of 3

 

�

 

 or 4

 

�

 

 or the level exceeded 3000 mg per liter. For
the purposes of evaluating pregnancy-related changes in the glo-
merular filtration rate, blood pressure, and proteinuria, we used
the first measurement of these indexes, when performed in the
first or second trimester, as the base-line values.
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Delivery before 37 weeks of gestation was classified as preterm.
Neonatal death was defined as death before discharge from the
hospital. An infant was considered small for gestational age if he
or she was below the 10th percentile of size for gestational age
at delivery, according to recently published tables.

 

10

 

Treatment of neither renal disease nor hypertension was stand-
ardized. Management of these conditions was left to the discre-
tion of the attending physicians.

Statistical analysis was performed with Statview

 

11

 

 on a Macin-
tosh Duo 280c computer (Apple Computer, Cupertino, Calif.).
Student’s t-test, Fisher’s exact test, the chi-square test, and Mc-
Nemar’s test were used as appropriate. Tables showing more com-
plete results are available from the National Auxiliary Publications
Service (NAPS).*

 

RESULTS

 

The characteristics of the 67 women and their 82
pregnancies are shown in Table 1. Preconception
data were available for 79 percent of the pregnan-
cies, and data from one or more follow-up visits con-
ducted within 12 months after delivery were avail-
able for 93 percent. Seventy-five percent of the
deliveries occurred after 1984 (median, 1987; range,
1971 to 1993), when recent advances in obstetrical
care and neonatal intensive care units were available.
Seventy-four percent of the women were white, 12
percent were Asian, and 12 percent were black. The
underlying renal disease was categorized as chronic
glomerulonephritis in 34 women (51 percent) and
chronic tubulointerstitial disease in 33 (49 percent).
The severity of the women’s renal insufficiency, clas-
sified as moderate during 59 pregnancies (72 per-
cent) and severe during 15 pregnancies (18 per-
cent), the incidence and severity of hypertension
and proteinuria at the initial antepartum visit, and
the number treated with antihypertensive medica-
tions are shown in Table 1.

 

Maternal Complications during and after Pregnancy

 

The effects of pregnancy on renal function, mean
arterial blood pressure, and proteinuria are shown in
Table 2. On the basis of data available from early and
late in pregnancy, the mean (

 

�

 

SD) serum creatinine
concentration increased from a base-line value of
1.9

 

�

 

0.8 mg per deciliter (168

 

�

 

71 

 

m

 

mol per liter)
to 2.5

 

�

 

1.3 mg per deciliter (221

 

�

 

115 

 

m

 

mol per li-
ter) in the third trimester (P

 

�

 

0.001). This increase
was accounted for, at least in part, by an increase in
the number of pregnancies in which renal insuffi-
ciency was severe in the third trimester (36 percent,
vs. 17 percent at base line; P

 

�

 

0.035). In addition,
the incidence of hypertension (48 percent vs. 28
percent, P

 

�

 

0.01) and high-grade proteinuria (41
percent vs. 23 percent, P

 

�

 

0.007) nearly doubled

 

*Because of rounding not all categories total 100 percent. Plus–minus
values are means 

 

�

 

SD.

†Thirteen women were followed during two pregnancies, and one dur-
ing three pregnancies.

‡To convert values for serum creatinine to micromoles per liter, multiply
by 88.4.

§In these cases the women’s serum creatinine concentrations were at
least 1.4 mg per deciliter before conception and decreased early in preg-
nancy.

¶Data were obtained during the 79 pregnancies in which urinary protein
excretion was measured at the first visit.

 

T

 

ABLE

 

 1.

 

 C

 

HARACTERISTICS

 

 

 

OF

 

 67 W

 

OMEN

 

 

 

WITH

 

 R

 

ENAL

 

 D

 

ISEASE

 

 

 

AND

 

 T

 

HEIR

 

 P

 

REGNANCIES

 

.*

 

C

 

HARACTERISTIC

 

V

 

ALUE

 

Number of pregnancies† 82
Age — yr 28

 

�

 

6
Year of delivery

Median
Range

1987
1971–1993

Type of renal disease — no. of
women (no. of pregnancies)

Glomerular
Tubulointerstitial

34 (39)
33 (43)

Preconception serum creatinine values available
— no. of pregnancies (%)

Time of measurement — mo before 
pregnancy

Median
Range

65 (79)

6
1–96

Time of initial antepartum visit — no. of 
pregnancies (%)

First trimester
Second trimester
Third trimester

62 (76)
17 (21)

3 (4)
Follow-up 

 

�

 

12 months — no. of women (%)
Duration of contact after last pregnancy — mo

Median
Range

52 (78)

36
12–180

 

I

 

NDIVIDUAL

 

 
V

 

ISITS

 

 
C

 

UMULATIVE

 

 
V

 

ISITS

 

Follow-up postpartum visit — no. of 
pregnancies (%)

6 wk
6 mo
12 mo

61 (74)
58 (71)
47 (57)

61 (74)
72 (88)
76 (93)

 

V

 

ALUE

 

 

 

AT

 

 I

 

NITIAL

 

 
A

 

NTEPARTUM

 

 V

 

ISIT

 

Serum creatinine — mg/dl‡
Serum creatinine category — no. of 

pregnancies (%)‡
1.1–1.3 mg/dl§
1.4–2.4 mg/dl
2.5–5.5 mg/dl

1.9

 

�

 

0.8

8 (10)
59 (72)
15 (18)

Arterial blood pressure 
Mean — mm Hg

 

	

 

105 mm Hg (mean, 91

 

�

 

10) — no. of
pregnancies (%)

Antihypertensive therapy — no. of women

 

�

 

105 mm Hg (mean, 118

 

�

 

14) — no. of
pregnancies (%)

Antihypertensive therapy — no. of women

99

 

�

 

17
57 (70)

18
25 (30)

11
Proteinuria — no. of pregnancies (%)¶

None
Low grade (300–3000 mg/liter)
High grade (

 

�

 

3000 mg/liter)

17 (22)
41 (52)
21 (27)

*See NAPS document no. 05317 for eight pages of supplementary ma-
terial. Order from NAPS c/o Microfiche Publications, P.O. Box 3513,
Grand Central Station, New York, NY 10163-3513. Remit in advance (in
U.S. funds only) $7.75 for photocopies or $4 for microfiche. Outside the
U.S. and Canada, add postage of $4.50 ($1.75 for microfiche postage).
There is a $15 invoicing charge for all orders filled before payment.
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during the third trimester as compared with the
base-line values.

In the 70 pregnancies (57 women) with paired
data on renal function, there was a gestational de-
cline in the glomerular filtration rate in 14 (20 per-
cent); the mean reduction in this subgroup was
44

 

�

 

14 percent. In the 11 pregnancies for which es-
timates of the decline in renal function were avail-
able before the women became pregnant, the de-
cline accelerated during pregnancy. Maternal renal
function declined immediately after delivery in an
additional 16 pregnancies (23 percent) in women
whose glomerular filtration had been stable during
gestation, so that the total rate of pregnancy-related
decline in renal function was 43 percent.

Because hypertension has been reported to in-
crease the risk of a pregnancy-related reduction in
the glomerular filtration rate,

 

4,12,13

 

 we sought to de-
termine whether hypertension during pregnancy af-
fected renal function both during and after pregnan-
cy in these women. In this analysis the presence of
hypertension was correlated with both the mean val-
ue of 1/S

 

Cr

 

 and a significant decline in the glomer-
ular filtration rate (defined as a 25 percent decrease
in the 1/S

 

Cr

 

 value). The presence of hypertension at
the first antepartum examination was associated with
a significantly lower mean 1/S

 

Cr

 

 value in the third
trimester than the absence of hypertension (25 per-
cent decrease vs. 12 percent decrease, P

 

�

 

0.01), but
not with a decline in the glomerular filtration rate
(28 percent vs. 17 percent of pregnancies, P

 

�

 

0.30).
However, by six months post partum, hypertension
in early pregnancy was not significantly associated
with either the mean 1/S

 

Cr

 

 value (14 percent de-
crease, vs. a 27 percent decrease in the absence of
hypertension; P

 

�

 

0.20) or the incidence of a decline
in the glomerular filtration rate (decline in 35 per-
cent vs. decline in 45 percent, P

 

�

 

0.60).
In contrast, hypertension occurring in the third

trimester was associated with both a lower 1/S

 

Cr

 

 val-
ue in late gestation than was normotension (25 per-
cent decrease vs. 8 percent decrease, P

 

�

 

0.001) and
a decline in the glomerular filtration rate (decrease
in 32 percent vs. 11 percent, P

 

�

 

0.004). Further-
more, when the severity of hypertension in the third
trimester was categorized as mild or moderate
(mean arterial blood pressure, 106 to 123 mm Hg)
or severe (

 

�

 

123 mm Hg), the respective mean re-
ductions in the value for 1/S

 

Cr

 

 during the third tri-
mester were two and five times that with pregnancies
in which maternal blood pressure was normal (18
percent decline vs. 7 percent decline, P

 

�

 

0.02; and
37 percent decline vs. 7 percent decline, P

 

�

 

0.001).
However, third-trimester hypertension had no ad-
verse effect on renal function six months after de-
livery.

Complications were analyzed separately in the 15
women (15 pregnancies) with severe renal insuffi-

 

*Because of rounding, not all categories total 100 percent. Plus–minus
values are means 

 

�

 

SD.

†To convert values for serum creatinine to micromoles per liter, multiply
by 88.4.

‡The P value is for the comparison of the distribution of values in the
first or second trimester with that in the third trimester (by the chi-square
test or Fisher’s test).

§The results were based on paired data obtained in both early pregnancy
and the third trimester. Changes in the glomerular filtration rate were es-
timated with the equation 1/S

 

Cr

 

.

¶P

 

�

 

0.001 by Student’s t-test.

 

�

 

One woman had hypertension in the first trimester with an exacerbation
of hypertension and delivery in the second trimester.

**P

 

�

 

0.006 by Student’s t-test.

††P

 

�

 

0.001 by the chi-square test.

 

T

 

ABLE

 

 2.

 

 E

 

FFECT

 

 

 

OF

 

 P

 

REGNANCY

 

 

 

ON

 

 R

 

ENAL

 

 D

 

ISEASE

 

.*

 

VARIABLE†
1ST OR 2ND 
TRIMESTER

3RD

TRIMESTER

Serum creatinine
No. of pregnancies
Mean — mg/dl
�1.4 mg/dl — no. (%)
�1.4–2.4 mg/dl — no. (%)
�2.5 mg/dl — no. (%)
P value‡

76
1.9�0.8

8 (11)
55 (72)
13 (17)
0.035

76
2.5�1.3

7 (9)
42 (55)
27 (36)

Arterial blood pressure
No. of pregnancies
Mean — mm Hg
	105 mm Hg — no. (%)
�105 mm Hg — no. (%)
P value‡

78
99�17
56 (72)
22 (28)

0.01

75
105�18
39 (52)
36 (48)

Proteinuria
No. of pregnancies
None — no. (%)
Low grade (300–3000 mg/liter) 

— no. (%)
High grade (�3000 mg/liter)

— no. (%)
P value‡

70
16 (23)
38 (54)

16 (23)

0.07

68
13 (19)
27 (40)

28 (41)

GESTATIONAL CHANGE§

Glomerular filtration rate
No. of pregnancies
Change in serum creatinine 

(mg/dl)
Remained stable — no. (%)
Decreased by 25% — no. (%)
Increased by 25% — no. (%)

Arterial blood pressure
No. of pregnancies
Change in mean arterial blood 

pressure (mm Hg)
Persistent normotension — no. (%)
Stable hypertension — no. (%)
New-onset hypertension — no. (%)
Exacerbation of hypertension

— no. (%)
Proteinuria

No. of pregnancies
Stable — no. (%)
Decreased — no. (%)
Increased — no. (%)

70
�0.5¶

55 (79)
14 (20)

1 (1)

74�
�6.1**

35 (47)
17 (23)
19 (26)

3 (4)

59
36 (61)

6 (10)
17 (29)††
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ciency at the first antepartum examination. The ini-
tial mean serum creatinine concentration was 3.4�0.1
mg per deciliter (301�9 mmol per liter), and in
three pregnancies the values exceeded 4.0 mg per
deciliter (354 mmol per liter). The incidence of hy-
pertension at the onset of pregnancy was similar in
the group with severe renal insufficiency and the
group with only moderate renal insufficiency (47
percent vs. 27 percent, respectively; P�0.21), as was
the incidence of hypertension in the third trimester
(64 percent vs. 44 percent, P�0.24) and of exacer-
bation of hypertension during pregnancy (62 per-
cent vs. 76 percent, P�0.31). Moreover, the two
groups were similar with respect to the reduction in
the glomerular filtration rate during pregnancy and
six months post partum.

Follow-up Studies after Pregnancy

The results of follow-up studies of the maternal
glomerular filtration rate are shown in Figure 1. In
51 percent of pregnancies the glomerular filtration
rate measured six months after delivery was similar
to the initial antepartum value. In 8 percent of preg-
nancies, renal function declined during pregnancy or
within six weeks after delivery but recovered within
six months. However, in 10 percent of the 70 preg-
nancies for which data were available, renal function
decreased between six weeks and six months after
delivery. A pregnancy-related loss of renal function
persisted for six months post partum in 31 percent
of pregnancies.

By 12 months post partum, eight women had had
progression to end-stage renal failure, including sev-
en who had a pregnancy-related loss of renal func-
tion and one with stable renal function during and
immediately after pregnancy. In the remaining wom-
en (62 pregnancies, 39 with an initially stable course
and 23 in which there was a pregnancy-related de-
cline in the glomerular filtration rate), renal function
declined slightly but progressively, such that the se-
rum creatinine concentrations were 2.4�1.1 mg per
deciliter (212�97 mmol per liter) and 2.9�0.9 mg
per deciliter (256�80 mmol per liter), respectively
(P�0.17). These results suggest that the contri-
bution of the postpartum loss of renal function re-
sulting from a pregnancy-related decline in the glo-
merular filtration rate was relatively small in most
women.

The changes in serum creatinine concentrations
during and after pregnancy are shown in Figure 2.
Women with higher base-line serum creatinine con-
centrations (
2.0 mg per deciliter) more often had
severe renal insufficiency within six months after de-
livery than women with lower initial serum creati-
nine concentrations. An accelerated decline in the
glomerular filtration rate occurred during only 1 of
49 pregnancies (2 percent) in which the mother’s
initial serum creatinine value was below 2.0 mg per

Figure 1. Changes in the Glomerular Filtration Rate in Women
with Primary Renal Disease before and after Delivery.
The segments pulled away from the circle represent pregnan-
cies complicated by a pregnancy-related decline in the glomer-
ular filtration rate, as described in the Methods section. A
measurable reduction in the glomerular filtration rate was de-
fined as a reduction of at least 25 percent in the 1/SCr value.

Pregnancy-related decline with recovery
within 6 mo post partum (8%)

Reduction between 6 wk
post partum and 6 mo post partum (10%)

Stable
from early

in pregnancy
to 6 mo post
partum (51%)

Stable
from early

in pregnancy
to 6 wk post

partum (57%)

Reduction
between

delivery and
6 wk post

partum (23%)

Antepartum
reduction

(20%)

Pregnancy-
related decline
that persisted
at 6 mo post
partum (31%)

Glomerular Filtration Rate 6 mo Post Partum

Glomerular Filtration Rate during Pregnancy

�
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deciliter, 3 of 9 pregnancies (33 percent) in which
serum creatinine values were 2.0 to 2.4 mg per dec-
iliter, and 4 of 12 pregnancies (33 percent) in which
serum creatinine values were 2.5 mg per deciliter or
higher.

Pregnancy Outcome and Neonatal Complications

The frequency of preterm delivery and cesarean
section was high (59 percent for both) (Table 3), as
compared with the rates expected in the general
population (10 percent and 20 percent, respective-
ly). Fetal growth was reduced. The mean birth weight
was 2239�839 g, and the birth weight was below
the 10th percentile in 37 percent of the infants, near-
ly four times the expected rate. In addition to overt
growth retardation, the majority of infants had birth
weights below the 50th percentile for gestational age
(Fig. 3). Four infants were stillborn at 23, 27, 27, and

34 weeks, the last two born to one woman. Despite
maternal complications, a high frequency of preterm
deliveries, and an increase in growth retardation, the
overall fetal survival rate was 93 percent. There were
two neonatal deaths due to prematurity: one was
delivered at 20 weeks because of the development
of the HELLP syndrome (hemolysis, elevated liver-
enzyme levels, and low platelet counts),14 and the
other at 23 weeks because of severe preeclampsia.
Twenty-eight neonates were admitted to an intensive
care nursery, most because of prematurity.

We compared the 15 pregnancies (15 women) in
which the base-line serum creatinine values were at
least 2.5 mg per deciliter with the remaining 67
pregnancies (52 women) with lower values. The fre-
quency of preterm deliveries was 73 percent and that
of intrauterine growth retardation 57 percent in the
pregnancies associated with severe renal insufficien-
cy, as compared with 55 percent and 31 percent, re-
spectively, in pregnancies associated with moderate
renal insufficiency (P�0.25 and P�0.12, respec-
tively). Fetal and neonatal survival in the subgroup
with severe renal insufficiency was 100 percent. The
six perinatal deaths were associated with pregnancies
characterized by moderate renal insufficiency at the
onset of pregnancy; in five of these pregnancies the
serum creatinine concentration was below 2.0 mg
per deciliter.

A gestational decrease in renal function was asso-
ciated with a lower birth weight than was stable re-

Figure 2. Serum Creatinine Concentrations in Women with Pri-
mary Renal Disease during and after Pregnancy, According to
the Concentration Measured Early in Gestation.
Dashed lines represent women who had a pregnancy-related
decline in renal function and subsequent progression to end-
stage renal disease within one year post partum. Data are
stratified according to the serum creatinine concentration at
the onset of gestation: �2.0 mg per deciliter in the top panel,
2.0 to 2.4 mg per deciliter in the middle panel, and 
2.5 mg
per deciliter in the bottom panel. To convert values for serum
creatinine to micromoles per liter, multiply by 88.4.
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*Data on birth weight were available for only 76 of the 82 pregnancies.

TABLE 3. OUTCOMES OF 82 PREGNANCIES 
AND NEONATAL COMPLICATIONS.

VARIABLE VALUE

Preterm delivery (�37 wks) — no. (%) 48 (59)
Induction of labor — no. (%) 8 (10)
Delivery by cesarean section — no. (%)

Indication
Fetal distress
Intrauterine growth retardation
Macrosomia
Dystocia
Breech position
Maternal renal deterioration
Maternal hypertension or preeclampsia
None reported

48 (59)

4
11
1
2
2
5

11
12

Mean (�SD) birth weight — g* 2239�839
Small for gestational age (�10th percentile) 

— no. (%)*
28 (37)

Death — no. (%)
Stillbirth — rate per 1000 births
Neonatal death — rate per 1000 births
Admission to neonatal intensive care unit

— no. (% of liveborn infants)
Indication

Prematurity, intrauterine growth retardation, or both
Sepsis
Unknown

6 (7)
49
24

28 (37)

25
1
2
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nal function (1883 vs. 2373 g, P�0.05), but not
with increased intrauterine growth retardation or
reduced fetal survival. The presence of hypertension
at the onset of gestation was not correlated with fe-
tal survival, preterm delivery, or growth retardation.
When present in the third trimester, hypertension
was associated with a higher rate of preterm delivery
(72 percent vs. 46 percent, P�0.02) but not with
increased intrauterine growth retardation (36 per-
cent vs. 38 percent, P�0.86) or reduced fetal sur-
vival. The presence of high-grade proteinuria at any
time during pregnancy had no effect on the out-
come of pregnancy.

DISCUSSION

This study was performed to determine the mater-
nal complications, immediate and long-term effects
of gestation on underlying disease, and outcome of
pregnancy in women with moderate or severe renal
insufficiency at the onset of pregnancy. Maternal
complications were frequent and included an in-
crease in hypertension and high-grade proteinuria.
In addition, there was a pregnancy-related loss of re-
nal function (a loss occurring during pregnancy or
within six weeks after delivery) in nearly half of all
cases, and in 23 percent of this subgroup (10 per-
cent of the total series), there was a rapid progres-
sion to end-stage renal failure within six months
after delivery. However, after the exclusion of the
women with rapid progression to end-stage renal
failure, the postpartum serum creatinine concentra-
tions at 12 months were approximately the same in
this subgroup of women as in women with stable re-
nal function during pregnancy. The risk of accelerat-
ed progression to end-stage renal failure was highest

when the serum creatinine concentration was above
2.0 mg per deciliter at the beginning of pregnancy.

Although fetal survival was only moderately re-
duced, there were obstetrical complications in more
than half the pregnancies. Growth retardation, pre-
maturity, and maternal complications were the fac-
tors most often responsible for delivery by cesarean
section and admission to a neonatal intensive care
unit. The effect of renal disease on the growth and
development of the surviving infants was not further
evaluated.

It is useful to compare the present study with
studies of pregnancy in women with primary renal
disease characterized by normal or nearly normal
function (serum creatinine, �1.4 mg per deciliter).
Katz and associates reported the outcome of 121
pregnancies in 89 women.3 Hypertension was present
in 23 percent of pregnancies, and a small and usually
reversible decrease of renal function occurred in 16
percent. The authors concluded that pregnancy did
not substantially alter the natural course of renal dis-
ease. Obstetrical complications included preterm de-
livery in 20 percent and intrauterine growth retarda-
tion in 24 percent. Infant survival was 89 percent.
The results of most subsequent studies were simi-
lar.2,4-6 Therefore, except for infant survival, the inci-
dences of maternal and obstetrical complications are
approximately twice as high in women with at least
moderate renal insufficiency as in women with nor-
mal or nearly normal renal function. In addition,
pregnancy-related loss of renal function is an impor-
tant complication in women with moderate or se-
vere renal insufficiency.

In early small studies of pregnancy in women with
moderate renal insufficiency, fetal survival rates were
50 percent or less.2,7,13,15,16 However, in recent stud-
ies of women with primary renal disease and mod-
erate or severe renal insufficiency (studies involving
19 to 37 pregnancies),12,17,18 the fetal survival rates
were 76 to 80 percent, and 16 to 50 percent of wom-
en had a gestational loss of renal function. We have
extended those findings by providing estimates of
the incidence of maternal and fetal complications in
a larger series of pregnant women. In addition, fol-
low-up on nearly all women up to 12 months after
delivery permitted an assessment of the long-term
effects of pregnancy on the natural course of renal
disease. This analysis should provide useful guide-
lines for counseling women with preexisting renal
insufficiency about their prospects for a successful
pregnancy and the effect of pregnancy on their un-
derlying disease.

APPENDIX

The following persons also participated in the study: P. Jungers,
Hôpital Necker, Paris; A. Johenning and M.D. Lindheimer, Uni-
versity of Chicago, Chicago; E. Imbasciati, Ospedale Maggiore,
Lodi, Italy, for the Study Group on Renal Disease and Pregnancy;

Figure 3. Birth Weights of Infants Born to Women with Moder-
ate (�) or Severe (�) Renal Insufficiency.
The curves for the normal-birth-weight percentiles were ob-
tained from Amini et al.10 
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S. Abe, Keio University School of Medicine, Tokyo, Japan; and
S.N. Sturgiss and J.M. Davison, Princess Mary Maternity Hospi-
tal, Newcastle upon Tyne, United Kingdom.
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CORRECTION

Outcome of Pregnancy in Women with Moderate or
Severe Renal Insufficiency

Outcome of Pregnancy in Women with Moderate or Severe Renal In-

sufficiency . On page 229, in lines 11 through 13 of the left-hand

column, the comparison of the incidence of exacerbation of hyperten-

sion during pregnancy in the group with severe renal insufficiency and

in the group with only moderate renal insufficiency should have been

38 percent versus 24 percent, not 62 percent versus 76 percent, as

printed.
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