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Introduction

Pregnancy is a special temporary life phase characterized 
by a myriad of physiological alterations, primarily involving 
vascular and hemodynamic changes. By 6 weeks of gestation, 
systemic vascular resistance decreases and arterial compliance 
increases, prior to the establishment of the uteroplacental 
circulation (1). By the second trimester, mean arterial 

blood pressure falls by an average of 10 mmHg below 
non-pregnant levels with mean values of 105/60 mmHg; 
concomitantly, sympathetic activity increases, mirrored in 
a 15% to 20% increase in heart rate (2). In the early first 
trimester, the association between decreased afterload with 
increased heart rate leads to a large increase in cardiac 
output, which peaks at 50% above pre-pregnancy levels 
by the middle of the third trimester (3). Clearly, these 
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modifications predominantly involve kidney structure and 
functions, yielding relevant biochemical perturbations (4). 
The latter are associated with the endocrine re-modulation 
triggered by the egg fertilization and continuing over 
gestation until childbirth. Thus, it is not surprising the 
key role of laboratory medicine in managing pregnancy by 
biochemical and molecular diagnostic tests. Physiological 
uncomplicated pregnancy induces reversible anatomical and 
functional renal alterations. On the other hand, the kidney 
is specifically exposed to complications correlated with 
gestation, including: hypertension; preeclampsia; urinary 
tract infections; acute kidney injury (AKI); asymptomatic 
hematuria and proteinuria; drug-induced renal fetal 
toxicity; placenta accreta; and, less frequently, obstructive 
uropathy (5-13). In addition, pregnancy could exacerbate 
pre-existing specific kidney diseases, including chronic 
kidney disease (CKD), end stage kidney disease (ESKD), 
diabetic nephropathy, renal transplantation, lupus nephritis, 
antiphospholipid antibodies syndrome, focal segmental 
glomerulosclerosis, minimal change disease, membranous 
nephropathy, IgA nephropathy, atypical hemolytic-uremic 
syndrome (aHUS), and sclerodermia (14,15). In this review, 
we illustrate the clinical laboratory approach for assessing 
and monitoring renal metabolic physiology and kidney 
diseases during pregnancy.

Anatomical adaptations of the kidney in 
pregnant women

During pregnancy, the kidney increases by 1 to 1.5 cm  
in length and by up 30% in volume and decreases 
in size over a period of 6 months postpartum (3). 
Moreover, pregnancy induces physiologic dilation of 
the urinary collecting system that in turn generates 
hydronephrosis in up to 80% of women. Hydronephrosis 
is detectable in 43% to 100% pregnant women and 
is correlated with gestational age: the peak is reached 
at  28 weeks ,  with a  63% overal l  inc idence (16) .  
A right-sided preponderance of hydronephrosis could 
be observed in up to 86% of pregnant women. Since the 
dilated collecting system can hold 200 to 300 mL of urine, 
urinary stasis takes place, leading to a 40% increased risk 
for pyelonephritis with asymptomatic bacteriuria (17). 
These changes are likely due to mechanical compression 
of the ureters between the gravid uterus and the linea 
terminalis. Changes in hormonal levels, namely estrogen 
and progesterone, and the abundance in prostaglandins 

synthesis may also contribute to affect ureteral structure 
and peristalsis. However, no significant correlation has been 
ever demonstrated between progesterone or estrogen levels 
and severity of calyceal dilatation (18).

Glomerular filtration rate (GFR) in physiological, 
uncomplicated pregnancy

GFR defines the flow of plasma from the glomerulus into 
Bowman’s space over a given period of time. Specifically, 
GFR enables to detect and monitor the capacity and the 
efficiency of the glomerulus in producing an ultrafiltrate 
from plasma (19). GFR is considered the best overall 
index of kidney function for two main reasons: firstly, 
most other kidney functions decline as GFR decreases; 
in addition, GFR decline is almost always associated with 
renal tissue injury and with alterations of microvascular  
bed (20). Clearance is the virtual plasma volume from which 
a solute is removed per unit time, expressed in milliliter 
(mL) per minute. Basically, glomerular filtration is a passive 
process depending on the balance between hydrostatic and 
osmotic forces; thus, intra-glomerular hydrostatic pressure 
strongly influences plasma filtration. In the mid seventies, 
an early study revealed the mechanistic basis of glomerular 
hemodynamics (21). On one hand, a close relationship was 
demonstrated between arterial blood pressure with the 
rate of plasma filtrated through Bowman’s membrane. On 
the other hand, blood flow was found dependent upon the 
rate of pressure decrease along the length of the vessel. An 
additional significant factor involved in the modulation of 
the flow rate is the resistance offered by the vessel wall. 
Later, further studies elucidated the interplay between 
factors affecting microvascular dynamics (22,23). In 1951, 
an early study reported that both glomerular filtration rate 
(GFR), estimated by inulin clearance, and renal plasma 
flow (RPF), estimated by the paraamino hippurate (PAH) 
clearance, increase during pregnancy (24). Further studies 
confirmed this finding, demonstrating that the increase in 
RPF exceeded that of GFR in the early stages of pregnancy 
(60–80% and 40–60%, respectively) until RPF falls very 
quickly in the third trimester (25,26). Consequently, 
the decrease in filtration fraction (FF) is recognizable 
until the third trimester, before starting to increase. 
Usually, the increase in GFR reaches the peak during 
mid gestation (27) and thus this distinctive phenomenon 
of hemodynamic adaptation has been termed as midterm 
renal hyperfiltration (MRH). A GFR value >120 mL/min 
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per 1.73 m2 is widely accepted as a criterion for normal 
MRH (28). The renin-aldosterone-angiotensin system 
and the relaxin pathway are strongly involved as potential 
inducers of MRH (29). During pregnancy, the progressive 
increase of GFR suggests a progressive utilization of the 
renal functional reserve, induced by gestation; however, 
only women with an intact renal functional reserve can 
increase their GFR during pregnancy (30). Recent studies 
found adverse pregnancy outcomes when MRH is either 
<120 mL/min per 1.73 m2 or >150 mL/min per 1.73 m2;  
these studies showed a positive correlation between 
GFR <120 mL/min per 1.73 m2 and fetal growth, even 
in women without preeclampsia (31,32). The increase in 
blood pressure during late pregnancy, counterbalanced 
by the absence of a parallel increase of cardiac output, 
induces a progressive vascular resistance. Constriction of 
the efferent arteriole as part of this process may be the 
main source of the observed decrease in RPF associated 
with the decrease in GFR during late pregnancy (33).  
Two equally rigorous studies found that the decrease in 
FF, due to the greater increase in RPF compared with that 
of GFR, is limited within the first 12 weeks of gestation; 
afterward, FF progressively increases over the second and 
the third trimesters, reaching the peak at term (34,35). In 
conclusion, during pregnancy the rising GFR is closely 
related with: (I) the increase of the effective renal plasma 
flow; (II) the increase in transcapillary pressure gradients; 
(III) the increases in the ultrafiltration coefficient (36). Table 1 
summarizes data from the literature on systolic and diastolic 
blood pressure (37) during pregnancy and the corresponding 

increases and decreases of GFR, RPF, and FF.

Serum creatinine and creatinine clearance 
during pregnancy: advantages and pitfalls

In 1955, Homer Smith firstly postulated that a substance 
must fulfill several requirements in order to be accepted as 
valid for the measurement of GFR (38); unfortunately, this 
ideal biomarker does not exist. Despite considerable efforts 
over the last 50 years in searching endogenous and 
exogenous biomarkers for GFR, even in pregnant  
women (39), serum creatinine remains the most widely used 
biomarker for assessing kidney function worldwide (40). 
Perhaps, the most important limitation of serum creatinine 
consists of its non-linear relationship with GFR. During 
uncomplicated pregnancy, serum creatinine falls to 0.4– 
0.6 mg/dL (35–55 μmol/L) (41); this change reflects not 
only the pregnancy-induced increase in GFR, but also 
hemodilution deriving from approximately 30–50% plasma 
volume expansion, necessary for the greater circulatory 
needs of the maternal organs (42,43). Several studies 
attempted to establish age-specific serum creatinine changes 
reflecting the increase in glomerular hyperfiltration with 
advancing gestational age; regrettably, serum creatinine cut-
off values and reference ranges vary between studies (44-47). 
For example, these studies reported different upper limits: 
1.00 mg/dL (89 μmol/L) (45), 0.81 mg/dL (72 μmol/L) (46), 
and 0.90 mg/dL (80 μmol/L) (47). One of the most cited 
studies from the literature, including only 29 healthy 
pregnant women with an uncomplicated pregnancy, 
reported an upper limit of 1.07 mg/dL (95 μmol/L) (48). A 
number of analytical and clinical variables influence the 
high heterogeneity of these results, such as the choice of 
creatinine assay method (colorimetric Jaffe, enzymatic, dry-
chemistry), the publication of results obtained by 
untraceable methods, the type of sample (plasma, serum, 
whole blood), the posture of pregnant women and its effects 
on renal plasma flow and GFR (49,50). In addition, a 
systematic analysis from the literature reveals that many 
authors omit to detail both the analytical method and how 
creatinine reference intervals have been derived, including 
whether or not they were specific to a female population. 
Discrepancies are exacerbated by the publication of serum 
creatinine reference ranges and cut-off levels based on 
personal experiences rather than experimental studies using 
standardized, traceable methods and large cohorts of 
pregnant women. Accordingly, serum creatinine reference 

Table 1 Hemodynamics indexes during normal, uncomplicated 
pregnancy

Blood pressurea

GFRb RPFb FFb

Systolic Diastolic

First Trimester 
(1–12 weeks)

111.5 65.2 +37% +41.2% −1.89%

Second Trimester 
(13–25 weeks)

110.0 64.0 +38.4%+29.4% +10.7%

Third Trimester 
(26–36 weeks)

115.0 69.0 +39.5%+10.4% +29.3%

GFR, glomerular filtration rate; RPF, renal plasma flow; FF, 
filtration fraction. aBlood pressure expressed as mmHg; data 
from 7,504 nulliparous and multiparous women with normal 
pregnancy (29); bmean values expressed as % variation above 
(+) or below (−) non-gravid levels.
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ranges have been fixed 0.40–0.80 mg/dL (35–71 μmol/L) 
(51) and an undefined “mean value of serum creatinine 
during pregnancy” was established to be 0.60 mg/dL  
(53 μmol/L) (52). A serum creatinine value >1.0 mg/dL  
(>88 μmol/L), that is within reference ranges in healthy 
adults, was suggested as significant for unveiling renal 
impairment in the pregnant population (53); later, it was 
recommended that the suspicion of an early kidney injury 
during pregnancy should arise when serum creatinine 
exceeds the cut-off level of 0.85 mg/dL (75 μmol/L) (54). A 
recent meta-analysis compared serum creatinine and 
creatinine clearance reference ranges in non-pregnant 
women with those in healthy pregnant women over 
gestation (55). The meta-analysis included 29 published 
studies (globally: 376 non-pregnant and 1,037 healthy 
pregnant women). At <14 weeks’ gestation, the mean 
relative difference in serum creatinine between pregnancy 
and reference values in non-pregnant women was −16.5%; 
at 15–21 weeks −23.2%, reaching a plateau at 22–28 weeks 
(−22.6%). At 29–35 weeks, the difference dropped to 
−15.5% and then showed a negligible increase until the end 
of pregnancy, with a mean difference of −17.7% (55). 
Another systematic review on serum creatinine in healthy, 
uncomplicated pregnancy compared results obtained in 
pregnant cohorts with either creatinine levels derived from 
a matched nonpregnant cohort or a local laboratory 
reference range (56). Forty-nine eligible studies were 
included in this analysis and data were divided by trimester 
of pregnancy: <13, 13–26, and >26 weeks, corresponding to 
22 studies with 1,699 creatinine measurements, 28 studies 
with 2982 creatinine measurements, and 40 studies with 
3978 creatinine measurements, respectively. Most relevant 
results have been summarized in Table 2. Based on serum 
creatinine reference ranges in females (0.51–1.02 mg/dL 
corresponding to 45–90 μmol/L), previously published in 

the literature (57), authors concluded that during pregnancy 
a serum creatinine level greater than 0.87 mg/dL (77 μmol/
L) should be considered outside the normal range for 
pregnancy and should raise suspicion of either undiagnosed 
CKD before conception or early development of acute 
kidney injury (AKI). This cut-off is almost identical to that 
recommended three years earlier by Lightstone et al. (54). 
In a study on 243,534 Canadian pregnant women aged 16–
50 years, serum creatinine was measured before, during, and 
after pregnancy (58). Prior to pregnancy, the mean serum 
creatinine concentration was 1.41 mg/dL, quickly dropping 
by four weeks into the pregnancy; between 16 and 32 weeks, 
the mean value was 1.11 mg/dL, then slowly rose to a 
maximum of 1.51 mg/dL a few weeks after delivery. Finally, 
by 18 weeks after delivery, a gradual return to mean 
concentrations prior to the pregnancy was observed. In 
Table 3, we have reported serum creatinine centiles found in 
that study. Regrettably, the study has several limitations, 
including the lack of any information on the analytical 
method used by authors as well as on whether or not the 
method was changed or modified during the study (April 
2006 – March 2015). The clinical reliability of twenty-four 
hours (24-h) creatinine clearance, a historical, traditional 
laboratory test (59), is strongly debated in the literature. On 
one hand, many researchers consider creatinine clearance as 
a standard method for documenting glomerular function in 
clinical practice, even during pregnancy (60). On the other 
hand, several authors report that this functional test does 
not meet criteria for accuracy due to large systematic bias 
and imprecision (61). Creatinine clearance is convenient 
and widely used worldwide at least for four major 
advantages: in normal pregnancy, muscle mass is stable and 
does not affect urinary creatinine excretion (62); creatinine 
metabolism and elimination are significantly altered only by 
kidney impairment or systemic disorders such as cancer; the 

Table 2 Synthesis of results obtained by the systematic review on serum creatinine in pregnancy (56)

Serum creatinine in pregnancy First Trimester Second Trimester Third Trimester

Mean values expressed as % of non-pregnant mean values 84% 77% 80%

97.5th centile (upper limit of the 95% reference range) 
expressed as % of non-pregnant 97.5th centiles

85% 80% 86%

Mean values based on female reference ranges (non-
pregnant women)* 

0.63 mg/dL (56 µmol/L) 0.59 mg/dL (52 µmol/L) 0.61 mg/dL (54 µmol/L)

Values outside the upper limit of normal for pregnancy 
expressed as mg/dL (mmol/L)

0.86 mg/dL (76 µmol/L) 0.81 mg/dL (72 µmol/L) 0.87 mg/dL (77 µmol/L)

*Female serum creatinine reference ranges published by Mazzacchi et al. (57). 
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contribution of fetal creatinine is negligible (63); potentially 
interfering drugs on creatinine tubular excretion (e.g., 
cimetidine, trimethoprim-sulfamethoxazole) are not 
commonly used during pregnancy. The most important 
limitation of creatinine clearance depends upon critical 
issues affecting three elements: timed urine sample 
collection, biological variables, and standardization of 
analytical methods. Generally, timed (24-h) urine collection 
is often inaccurate, especially in the outpatient setting (64). 
Patients fail to follow standardized procedures for the 
collection, storage, and transport of urine samples (65). A 
widespread error is negligence either to collect the entire 
urine volume over 24-h or to collect the excess of sample. If 
the 24-h urine sample has not been completely and properly 
collected, creatinine clearance could be falsely decreased. 
Loss of specimens from poorly sealed containers, as well as 
the lack of time- and temperature-controlled transport may 
also give rise to incorrect results. Accurate timed urine 
collection is particularly crucial in pregnant women because 
of urine retention due to physiological hydronephrosis; 
indeed, significant amounts of urine may remain in the 
dilated collecting system. To reduce this error, pregnant 
women should be well hydrated and should rest on their left 
side for one hour before starting and completing the 24-h 
urine collection (50). Biological variables, such as diet, 

muscle mass, physical exercise and creatinine tubular 
secretion can significantly increase the creatinine clearance 
inaccuracy; in particular, tubular secretion of creatinine is 
the most important factor inducing an overestimation of 
GFR by approximately 10% to 20%. Furthermore, a 
growing kidney functional impairment over time induces a 
progressive increase in creatinine tubular secretion, masking 
a true drop-in GFR. In the past, GFR overestimation due 
to creatinine tubular secretion was roughly compensated 
with serum creatinine overestimation detectable by 
colorimetric Jaffe assays. With the implementation of 
traceable methods for serum creatinine, this unconventional 
‘compensation’ is now reduced and overestimation of GFR 
by creatinine clearance will be no longer mitigated. Finally, 
despite serum creatinine assay has been standardized and 
most of the in-vitro-diagnostic (IVD) companies have 
introduced isotope dilution-mass spectrometry (ID-MS) 
traceable standard calibrators in their commercial kits 
(66,67), interferences in both Jaffe and enzymatic methods 
continue to affect results (68). In addition, urinary 
creatinine assay is not yet traceable and is influenced by 
several urinary interfering substances (e.g., drugs and food 
metabolites); as a result, test accuracy and reproducibility 
are currently unsatisfactory, with further negative 
consequence on the reliability of creatinine clearance values 

Table 3 Serum creatinine percentiles pre-pregnancy (42,399 measurements), during pregnancy (244,866 measurements) and post-pregnancy 
(74,680 measurements), according to Mazzacchi et al. (57)

Timing (weeks) 50th centile, mg/dL [µmol/L] 75th centile, mg/dL [µmol/L] 95th centile, mg/dL [µmol/L]

Baseline pre-pregnancy 0.67 [59] 0.75 [66] 0.87 [77]

4th week 0.66 [58] 0.72 [64] 0.85 [75]

8th week 0.56 [50] 0.63 [56] 0.73 [65]

12th week 0.53 [47] 0.59 [52] 0.69 [61]

16th week 0.51 [45] 0.56 [50] 0.67 [59]

20th week 0.51 [45] 0.56 [50] 0.67 [59]

24th week 0.51 [45] 0.55 [49] 0.67 [59]

28th week 0.50 [44] 0.56 [50] 0.67 [59]

32nd week 0.51 [45] 0.56 [50] 0.68 [60]

36th week 0.54 [48] 0.61 [54] 0.74 [66]

40th week 0.60 [53] 0.69 [61] 0.86 [76]

2nd week postpartum 0.69 [61] 0.79 [70] 0.94 [83]

4th week postpartum 0.71 [63] 0.79 [70] 0.94 [83]

8th week postpartum 0.70 [62] 0.78 [69] 0.93 [82]
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Table 4 Summary of data reported either by single studies () or meta-analysis and reviews (⌃) on 24-h clearance creatinine changes during 
normal, uncomplicated pregnancy

Year Sample size (n)
Creatinine clearance (mL/min)

Ref.
First Trimester Second Trimester Third Trimester

1958 13 Unavailable 168 (117–203)a 152 (109–206)a (34)

1980 10 Unavailable 144±9.8b Unavailable (70)

1981 9 118±17c Unavailable Unavailable (71)

1988 11, 8, 10 115 (77–153)a 135 (107–148)a 143 (106–195)a (30)

1990 11, 17, 27 125±10c 122±10c 118±10c (44)

2005 68, 64 Unavailable 145 (92–220)a 141 (84–207)a (72)

2008 Not rep. 151±11c 154±15c 129±10c (73)

2009 12 Unavailable 129±1 b 100±7b (74)

2009 Not rep. 69–140d 55–136d 50–166d (75)⌃

Data from Ref. 44 reflect the average of 2-h creatinine clearance in the morning and 2-h creatinine clearance in the afternoon. Not rep., 
not reported aMedian and (interquartile range); bMean ± SEM (standard error of the mean); cMean ± SD (standard deviation); dReference 
ranges.

(69). Therefore, it is not surprising that results reported by 
studies from the literature on creatinine clearance during 
normal, uncomplicated pregnancy significantly differ each 
other. Early, pioneering studies on creatinine clearance in 
pregnant women were often weak because either incomplete 
(24-h creatinine clearance was investigated during one or 
two trimesters only) or enrolling a very small number of 
healthy pregnant women. In 1958, Sims and Krantz 
compared several indexes of renal clearance during 
pregnancy, including creatinine clearance (34). They 
enrolled 12 healthy pregnant women, performing serial 
measurements in each trimester. One woman was enrolled 
also in her second pregnancy. However, only four results 
were available in the first trimester, 16 in the second and 31 
in the third. Later, a study on eight healthy pregnant 
women reported a creatinine clearance mean value of  
120 mL/min and 137 mL/min at the fourth and at the 
twelfth week of gestation, respectively (27). Sometimes data 
from the literature may be confounding: in a paper 
published in 1990, 2-h creatinine clearance was determined 
during normal, uncomplicated pregnancy by collecting a 
first 2-h urine sample in the morning, a second 2-h sample 
in the afternoon and ultimately by computing the average 
creatinine clearance (44). Table 4, summarizes results 
obtained in several published studies on creatinine clearance 

during pregnancy;  i t  i s  c learly  evident  the large 
heterogeneity among studies (30,47,70-74); in such cases, 
we extrapolated creatinine clearance values from raw data 
or from a graphical representation of the results. In a recent 
meta-analysis, aggregate data were reported every four 
weeks over pregnancy, and a corresponding plot with a 
curve fit weighted by inverse variance clearly demonstrated 
heterogeneity between studies (55). By extrapolating results 
from the plot representing aggregate data on creatinine 
clearance during pregnancy, the median and 5th – 95th 
centiles were 124 mL/min (106–142 mL/min), 132 mL/min  
(112–151 mL/min) and 90 mL/min (101–115 mL/min) at 
the 4th, 18th, and 36th week of gestation, respectively. Authors 
concluded that aggregate data used to create the creatinine 
clearance curve was unfit to serve as a reference curve. In 
addition, they observed a significant difference between 
GFR measured by inulin clearance and creatinine clearance 
(P<0.001); this finding is irreconcilable with previous 
conclusions stating that in healthy pregnant women, 24-h 
creatinine clearance closely approximates inulin clearance 
(42). Actually, creatinine clearance overestimates 10–15% 
GFR when compared with inulin clearance, and this bias is 
more pronounced at lower levels of GFR (75,76); however, 
this discrepancy derives only in part from creatinine tubular 
secretion (increased in kidney failure), being due, to some 
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extent, to a statistical phenomenon known as regression to 
the mean (77). Despite these problems, creatinine clearance 
still remains a useful estimation of glomerular filtration in 
clinical practice.

Biomarkers-based equations for estimating GFR 
during pregnancy

Since the myriad of problems affecting serum creatinine 
and creatinine clearance, from long-time nephrologists have 
developed many equations based on serum biomarkers, 
in conjunction with several variables (e.g., age, gender, 
race) and anthropometric measures, such as body length, 
weight, and so on. Historically, serum creatinine has 
been included in these equations, and in particular, the 
so-called Schwartz’s formula was widely used very early 
in clinical practice by pediatricians for assessing renal 
function in childhood (78). Over the last ten years, George 
Schwartz revised and implemented his original equation, 
also including serum cystatin C (79). The latter and 
other emerging biomarkers have been used either in new 
equations for adults and children or in equations previously 
developed with serum creatinine (80-82). Except for the 
Cockcroft-Gault formula, created for estimating creatinine 
clearance (mL/min) but not GFR (83), equations provide a 
value of glomerular filtration, expressed as mL/min/1.73 m2 
body surface area, called ‘estimated GFR’ (eGFR). The aim 
is to minimize the impact of variables affecting extra-renal 
factors of variability in serum creatinine concentration, 
miming a steady-state condition (84). The analysis of 
equations for estimating GFR lies beyond the scope of this 
paper and has been addressed by a recent comprehensive 
review (85); what really matters is that no equation for 
eGFR is suitable in pregnancy and thus, equations should 
not be used during pregnancy. Many studies investigated 
the correlation between eGFR, computed by various 
equations, and GFR measured by inulin clearance or 
other ‘gold standard methods’ (plasma clearance of 
125I-Iothalamate or non-radioactive Iothalamate, Iohexol, 
51Cr-EDTA, 99mTc-DPTA) during normal, uncomplicated 
pregnancy as well as in hypertensive or pre-eclamptic 
pregnant women (74,75,86-92). Most studies found that 
equations are less accurate than serum creatinine and 
24-h creatinine clearance for estimating GFR during 
pregnancy. They found a significant bias (roughly 10–40%) 
between eGFR obtained by equations (Cockcroft-Gault, 
MDRD, CKD-EPI) and 24-h creatinine clearance or GFR 
measured by inulin clearance. Clearly, a number of variables 

associated with pregnancy, such as a non-steady-state 
condition, a “dynamic” and peculiar body surface area, and 
hyperfiltration strongly affect results obtained by equations. 
As a result, current consensus statements and official 
documents clearly discourage the use of equations during 
pregnancy, recommending serum creatinine and 24-h 
creatinine clearance (93,94). Taking into account limitations 
previously described for serum creatinine and creatinine 
clearance, recommendations may be interpreted as the lack 
of an ‘ideal’ biomarker of GFR for pregnant women.

The role of serum cystatin C in pregnant women 
with CKD

The notion that changes in serum level of certain low-
molecular mass proteins depend on changes in GFR was 
developed more than 40 years ago, when β2-microglobulin 
and α1-microglobulin (protein HC) were found to be freely 
filtered by the glomerulus and then almost completely 
reabsorbed (>99%) by proximal tubular cells (95,96). Later, 
their diagnostic value in clinical nephrology was definitively 
established, especially for the introduction of reliable 
immunoassays for their measurement (97). Among these 
small proteins, cystatin C received major consideration 
as a candidate biomarker of kidney function. Cystatin C 
was firstly discovered both in human cerebrospinal fluid 
and in human urine (98,99), and the complete amino acid 
sequence was finally determined in 1981 by Anders Grubb 
and Helge Löfberg (100). Cystatin C is a cysteine proteases 
inhibitor encoded by the CST3 gene, a housekeeping 
gene located on chromosome 20p11.2; the mature, 
active form of this protein is a single non-glycosylated 
polypeptide chain containing 120 amino acid residues 
and produced at a constant rate (101). Since 1994, several 
immunonephelometric and immunoturbidimetric methods 
have been optimized on automated analytical platforms 
for measuring cystatin C in clinical practice (102,103); 
however, methods standardization was obtained only 
recently, with the development of an international standard 
calibrator and the re-formulation of reference intervals and 
quality specifications (104-106). Cystatin C is a reliable 
biomarker of kidney function: a great number of clinical 
studies in adults, children, and newborns have definitively 
confirmed that serum cystatin C is more sensitive than 
serum creatinine (107,108). Although cystatin C is not 
influenced by extrarenal factors affecting serum creatinine 
(tubular secretion, protein intake, muscular mass, physical 
exercise, malnutrition), other extra-renal variables could 
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induce changes in cystatin C serum levels, such as age, race, 
sex, obesity, smoking, hyperthyroidism, cancer, therapeutic 
treatment with steroids, inflammation, diabetes (109-111). 
Cystatin C does not seem to cross the placental barrier; 
consequently, neonatal blood cystatin C reflects neonatal 
kidney function only (112). During normal, uncomplicated 
pregnancy, serum cystatin C levels are correlated with 
gestational age; at late stages of pregnancy and before 
delivery, cystatin C concentration is significantly higher 
than that in healthy non-pregnant women (113). Various 
studies attempted to establish cystatin C reference ranges 
during normal, uncomplicated pregnancy (72,114-121); 
they have been summarized in Table 5. Despite a visible 
heterogeneity among results, due to variables such as 
sample size, analytical protocols, source and type of cystatin 
C antibodies, inclusion/exclusion criteria, and differences 
in maternal age, lifestyle, and race, it is clear that cystatin 
C increases as gestational age advances during gestation. 
Notably, after cystatin C assay standardization, previous 
results should be evaluated with caution. An additional 
variable inducing differences in cystatin C serum levels 
during gestation is a twin pregnancy. Serum cystatin C was 
found higher in twin pregnancy compared with singleton 
pregnancy in the first trimester (0.84±0.10 mg/L, n=15 
versus 0.66±0.008 mg/L, n=86), second trimester (0.86±0.15, 
n=19 versus 0.67±0.08, n=88), and third trimester (1.68±0.45 
mg/L, n= 38 versus 1.16±0.26 mg/L, n=69). The magnitude 
of differences in cystatin C concentration between singleton 

and twin pregnancy does not match with corresponding 
differences in GFR, especially in the second and third 
trimester (123). Moreover, in the third trimester, cystatin 
C serum levels in twin pregnancy were found higher than 
those in preeclamptic women (123). Cystatin C can be 
used during the third trimester as a specific and sensitive 
biomarker for the detection of preeclampsia: a recent meta-
analysis based on 27 studies found a mean difference of  
0.40 mg/L (95% CI: 0.33–0.46 mg/L) between preeclamptic 
women and controls (124). The pooled sensitivity was 
0.85 (95% CI: 0.79–0.89) and the pooled specificity was 
0.84 (95% CI: 0.77–0.90). Cystatin C may be considered 
a candidate biomarker for the prediction of preterm 
delivery in severe preeclampsia. A preliminary study on 26 
preeclamptic women suggested a cut-off level of 1.48 mg/
L, obtained by using an automated immunoturbidimetric 
assay; this threshold discriminates risk of preterm delivery 
with a sensitivity of 0.80 and a specificity of 0.75 (125). 
Based on the notion that inflammation considerably 
contributes to preterm delivery, authors postulated that 
cystatin C might reveal unexplored inflammatory processes 
associated with preeclampsia. However, this hypothesis 
should be reconsidered after the evaluation of robust 
results obtained in larger cohorts of pregnant women with 
preeclampsia. In addition, the well-known high activity 
of cathepsin B in the third trimester of uncomplicated 
pregnancy is counterbalanced by a high level of cystatin C 
that exerts a fundamental, protective role as an inhibitor 

Table 5 Serum cystatin C in normal uncomplicated pregnancy

Year
First Trimester Second Trimester Third Trimester

Ref.
Sample size (n) Serum cystatin C, mg/L Sample size (n) Serum cystatin C, mg/L Sample size (n) Serum cystatin C, mg/L

2005 197 0.89±0.12a 197 0.65±0.14a 197 0.82±0.19a (114)

2005 5 0.53* 68 0.61 (0.48–0.89)b 64 0.88 (0.46–1.35)b (72)

2007 – – – – 218 1.05±0.19a (115)

2008 – – – – 100 1.21 (1.02–1.37)c (116)

2011 38 0.69±0.16a 32 0.78±0.26a 39 1.21±0.30a (117)

2012 – – 12 0.80±0.03a 12 1.13±0.06a (122)

2016 48 0.58±0.08a – – – – (118)

2017 124 0.48–0.80d – – – – (119)

2017 0.70±0.14a 0.75±0.16a 1.19±0.23a (120)

2019 – – 0.41–0.94d 0.43–1.33d (121)
aMean ± SD (standard deviation); bMedian and (2.5 – 97.5 centiles); cMedian and (interquartile range); dReference ranges. *mean value 
extrapolated from data reported by Akbari (72) in figure 1.
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of proteolytic enzymes, promoting placental separation 
in the peripartum period (126). Thus, it is reasonable 
to assume that in the second part of the third trimester 
cystatin C serum level does not depend exclusively on 
kidney function. On the other hand, this claim may be, 
in part, supported by the absence of correlation between 
cystatin C and inulin clearance during the second and 
third trimester, previously observed in a small sample size 
of pregnant women (122). A further extra-renal factor 
modulating cystatin C serum levels is gestational diabetes 
mellitus (GDM). In a cohort of 111 Chinese pregnant 
women with GDM, observed between 24–28 weeks of 
gestation, median serum cystatin C concentration was  
1.0 mg/L (interquartile range 0.8–1.8 mg/L), significantly 
higher than 0.7 mg/L (interquartile range 0.6–1.0 mg/L) 
found in 289 healthy pregnant women with normal glucose 
tolerance (127). A cut-off of 0.95 mg/L was associated with 
a sensitivity and specificity of 0.59 and 0.73, respectively. A 
cystatin C value >1.0 mg/L reflected a 5-fold increased risk 
of GDM in Chinese pregnant women after adjusting for 
body mass index (BMI), age, glycated hemoglobin (HbA1c), 
and homeostasis model assessment of insulin resistance 
(HOMA-IR). This result confirms the relationship between 
cystatin C and insulin resistance. In conclusion, cystatin C 
may be used during pregnancy as a risk factor for predicting 
preeclampsia and GDM rather than a biomarker of GFR. 
Indeed, encouraging results suggest the clinical utilization 
of cystatin C, even in the first trimester for predicting 
gestational complications (128,129).

Proteinuria and albuminuria in pregnancy

As the nephrologist Arturo Borsatti used to say more than 
30 years ago, proteinuria is always a critical condition 
both for physicians and patients (130). Proteinuria, that is 
the loss of proteins with the urine, is an unequivocal sign 
of kidney injury: it was defined as ‘the clinical signature 
of podocyte injury’, being mainly caused by defects in 
glomerular size-selectivity and charge-selectivity (131-133). 
However, proteinuria is associated with tubulointerstitial 
injuries due to various noxae such as acute tubular necrosis, 
nephritis, fever, nephrotoxic substances and drugs, cancer, 
and any other condition associated with hypoxia, ischemia, 
inflammation, and infection. Prolonged proteinuria induces 
severe parenchymal changes, including tubular epithelial 
cell apoptosis and the epithelial-to-mesenchymal transition 
(EMT). In definitive, proteinuria can take origin from 
an increasing glomerular filtration of circulating plasma 

proteins, almost completely retained within the blood 
circulatory system in physiologic conditions, or from 
impaired reabsorption of proteins by the proximal tubular 
cells. The two phenomena are related not only to each 
other; rather, they cohabit in the so-called glomerular 
proteinuria, marked by proteins in the urine with the size 
of albumin and larger. Proteinuria is a pathogenic factor 
in the progression of kidney dysfunction. In particular, 
proteinuria is strongly associated with the risk of CKD 
progression and is the most powerful predictor of ESKD 
risk over ten years (134). The clinical significance of 
proteinuria and albuminuria during gestation is crucial; 
they are potential risk factors for adverse maternal and 
neonatal outcome (135). For example, proteinuria is a 
hallmark of preeclampsia, even though proteinuria may be 
absent at the onset of the disease in up to 10% of pregnant 
women with preeclampsia and 20% with eclampsia (136).  
On the other hand, albuminuria reflects the severity 
and prognosis of gestational diabetes, being a marker of 
systemic endothelial cell dysfunction (137,138). In normal, 
uncomplicated pregnancy, a progressive increase in urinary 
excretion of total proteins is considered physiologic, 
especially after 20 weeks of gestation. Healthy pregnant 
women may double the reference range upper limit of 
healthy adults, and the increase is more pronounced in 
twin pregnancies (139). Hyperfiltration is the main factor 
associated with this physiologic increase. Tamm-Horsfall, 
a high molecular weight glycoprotein originating from the 
epithelial surfaces of the thick ascending limb of the loop 
of Henle and from the early distal convoluted tubule, is the 
most abundant urinary protein; in addition, small amounts of 
IgA, secreted by the renal tubule, albumin, and other plasma 
proteins may be recognizable. In healthy pregnant women, 
mean values of proteinuria and albuminuria correspond 
to 116.9 mg/24 h (upper 95% CI: 259.4 mg/24 h) and  
11.8 mg/24 h (upper 95% CI: 28.7 mg/24 h), respectively 
(140). The American College of Obstetrics and Gynecology 
(ACOG) Hypertension in Pregnancy Task Force established 
that proteinuria in pregnancy corresponds to ‘the new 
appearance of protein in the urine in amounts equal to 
or greater than 300 mg of protein in 24-hour collection, 
protein/creatinine (Cr) ratio equal to or greater than  
0.3 mg/mg, or +2 or more on urine dipstick testing’ (141). A 
tentative classification of proteinuria during pregnancy has 
identified four main classes: (I) isolated de novo proteinuria; 
(II) de novo proteinuria associated with preeclampsia; (III) 
proteinuria secondary to CKD; (IV) transient proteinuria 
due to urinary tract infection. Isolated proteinuria has been 
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defined as the onset of new proteinuria (>300 mg/g Cr) 
without hypertension at any stage of gestation. It occurs in 
13% of normotensive pregnancies and is associated with 
the development of hypertension; about 50% of pregnant 
women with isolated proteinuria develop preeclampsia, 
even in the absence of hypertension (142,143). It remains 
largely unclear what is the main factor inducing proteinuria 
in the absence of hypertension: findings on the relationship 
between high body mass index or low levels of circulating 
angiogenic factors (e.g., placental growth factor) and 
isolated proteinuria should be confirmed by further 
studies on larger cohorts of pregnant women (144). The 
appearance of proteinuria in the early stages of gestation 
(within 20 weeks) is mainly associated with preexisting 
diseases such as CKD, chronic hypertension, type 1 or 2 
diabetes mellitus; in such a case, proteinuria has been called 
chronic proteinuria. If the onset of proteinuria occurs after 
20 weeks of gestation, it is most likely that its origin may 
be gestational proteinuria or preeclampsia (143). Despite 
the clinical value of proteinuria, analytical methods for 
measuring urine total proteins are inaccurate and poorly 
reproducible. The most important limitation of methods 
for measuring urine total proteins is their inability to detect 
all types of proteinuria accurately. An emblematic example 
is the dipstick method, a very popular, inexpensive, semi-
quantitative assay based on a colorimetric reaction (145). 
Dipstick recognizes exclusively the presence of albumin 
in the urine sample, leading to false-negative results when 
proteinuria consists of other types of proteins, such as 
transferrin, immunoglobulins, and low-molecular-mass 
proteins. In addition, very small amounts of albuminuria 
(approximately when <30 mg/L) cannot be accurately 
detected by dipstick methods. Since albuminuria represents 
a cardiovascular risk factor, even in the range of 5–30 mg/L,  
this limitation may be clinically relevant. On the other 
hand, dipstick enables the self-assessment of albuminuria, 
and this advantage is particularly useful in pregnant 
women at risk of hypertension or preeclampsia monitored 
on an outpatient basis. Any positive results obtained by 
the dipstick must be confirmed by a quantitative method 
either on a 24-h urine sample or on a spot urine sample in 
association with the determination of creatininuria. The 
former is considered the gold standard for the measurement 
of proteinuria and albuminuria; however, the 24-h urine 
collection is cumbersome and often inaccurate, leading to 
errors in results. Spot urine sample is simple to collect and 
evidence from the literature strongly suggests the collection 
of this type of sample during gestation (146-148). Results 

must be expressed as ratio proteinuria or albuminuria to 
creatininuria. Proteinuria can be quantitatively measured 
by chemical, turbidimetric, and dye-binding methods. 
Unfortunately, no reference measurement procedure has 
been established for urine total protein assay and available 
methods are affected by several drawbacks. For example, 
substances commonly present in the urine (inorganic ions, 
xenobiotics, drugs and their catabolites) can interfere in 
the chemical reaction. Moreover, the high heterogeneity 
of urine protein content corresponds to different dye-
binding affinity; consequently, serial measurements 
may be imprecise, depending on differences in urine 
protein content over time. Ultimately, urine total protein 
assays are neither traceable nor standardized, leading 
to inaccurate and imprecise test results. Conversely, 
albuminuria can be measured by immunological methods 
optimized on automated analytical platforms. In particular, 
nephelometric immunoassays enable the accurate 
measurement of very small amounts of albuminuria 
(5–30 mg/L). In conclusion, quality specifications of 
albuminuria assays are significantly better than those of 
proteinuria and thus, albuminuria may be recommended 
as a test of choice for replacing proteinuria (149).  
In Chinese pregnant women, results within the range of 20–
60 mg albumin/g creatinine accurately predict significant 
proteinuria and roughly correspond to more than 300 mg 
total protein/day by 24-h urine collection (150).

Chronic kidney disease (CKD) in pregnancy

The diagnosis and management of CKD in pregnant 
women is extremely challenging at least for 5 peculiar 
issues. Firstly, no early and specific clinical sign unveils the 
presence of kidney impairment; similarly, no biochemical 
test is available for an early and specific diagnosis of 
kidney disease. Second, kidney function during pregnancy 
cannot be assessed by equations developed for estimating 
GFR in adults and children. As already mentioned in this 
review, no equation has been definitively validated and the 
only reliable tests for evaluating glomerular filtration are 
serum creatinine and creatinine clearance (151). This limit 
hampers the application of the scheme for the evaluation 
of CKD staging based on the combination of eGFR and 
albuminuria values (152). Third, hyperfiltration during 
pregnancy might significantly alter CKD staging (153). 
Based on these limitations, defining and staging CKD 
in pregnancy is almost unachievable. Fourth, CKD in 
pregnancy is a severe risk factor for adverse maternal-fetal 



Journal of Laboratory and Precision Medicine, 2020 Page 11 of 17

© Journal of Laboratory and Precision Medicine. All rights reserved. J Lab Precis Med 2020;5:18 | http://dx.doi.org/10.21037/jlpm.2020.02.04

outcomes, including preeclampsia (PE), pregnancy-induced 
hypertension, anemia, and proteinuria as well as pre-term 
delivery, fetal growth restriction, low birth weight and the 
need of admission in neonatal intensive care unit (NICU) 
at birth (154). Women with advanced CKD are much less 
likely to have an uncomplicated pregnancy compared with 
women with normal kidney function. Ultimately, therapies 
commonly used in adults and teenagers with CKD are 
contraindicated in pregnancy, while no specific treatment 
for CKD in pregnancy exists (155). CKD in pregnancy 
might be assimilated to an idiomatic expression rather than 
a disease: actually, a wide range of pathological conditions 
could lead either to the development or to the worsening 
of the reduction in renal mass and the loss of renal reserve 
during pregnancy, such as: pre-existing CKD; primary 
glomerulonephritis (e.g., nephrotic syndrome, idiopathic 
membranous nephropathy, minimal change nephropathy, 
focal segmental glomerulosclerosis); diabetic nephropathy; 
IgA nephropathy; pyelonephritis; renal malformations; 
hypertension; systemic lupus erythematosus (SLE); 
autosomal dominant polycystic kidney disease (ADPKD). 
Nevertheless, the etiology of CKD in pregnancy has 
fewer effects on maternal-fetal outcomes than CKD stage, 
unless SLE nephritis, especially when associated with anti 
phospholipids antibodies (156). The only kidney disease 
associated with a high risk of extra-renal malformations is 
diabetic nephropathy (157). Very few robust data on the 
prevalence of CKD in pregnancy have been published; 
a consistent obstacle consists of the difficulty in the 
identification and definition of the early stage of CKD in 
pregnancy. Cumulative prevalence of CKD in pregnancy 
has been estimated at 3.3% in a Norvegian population, 
being 2.4%, 0.8%, and 0.1% in CKD stages 1, 2, and 3, 
respectively (158). CKD stages 3–5 have been estimated to 
affect one every 750 pregnant women (72). Approximately 
20% of pregnant women developing pre-eclampsia before 
30 weeks’ gestation have previously undiagnosed CKD, 
especially those with severe proteinuria (72). All pregnant 
women with CKD should be monitored during gestation by 
a multidisciplinary team involving specialists in obstetrics, 
nephrology, urology, fetal medicine, and neonatology, 
being at risk for pregnancy-related adverse events. The 
frequency of follow-up must be adapted to the severity of 
the disease; for example, in CKD stages 3–5, follow-up 
should be intensified. Follow-up of pregnant women with 
CKD is basic for the early recognition and treatment of 
complications, including proteinuria, anemia, coagulation 
disorders, hypertension and systemic diseases. The onset of 

proteinuria during the third trimester can be due either to 
glomerular disease or to preeclampsia; thus it is mandatory a 
differential diagnosis, based on the evaluation of the balance 
between angiogenic-antiangiogenic patterns (soluble Fms-
like tyrosine kinase, placental growth factor) as well as 
on impaired uteroplacental Doppler flows. Proteinuria 
should be carefully monitored in pregnant women with 
CKD, being more frequent in women already proteinuric 
at the start of gestation and increasing progressively in 
diabetic nephropathy. Kidney biopsy is not recommended 
in pregnancy, mainly for associated risks of severe bleeding 
complications (159). However, when kidney function 
declines progressively, especially during the first trimester, 
the pros and cons of renal biopsy versus empiric therapy 
should be carefully evaluated for each woman. On the 
other hand, in the third trimester, the medical team should 
evaluate the balance between the advantage of renal biopsy 
versus the risk of preterm delivery and adverse neonatal 
outcomes.

Conclusions

The role of laboratory medicine in managing maternal 
CKD during gestation is basic, especially at the early stage 
of the disease, when clinical signs and symptoms cannot be 
easily recognized. Optimal management of CKD during 
pregnancy depends on the choice of the right test performed 
in the right woman at the right time, interpreting results 
on the basis of specific analytical and clinical limitations. 
Serum creatinine and albuminuria should be considered the 
most appropriate tests both for diagnosing and monitoring 
pregnant women with CKD. Serum creatinine and 
albuminuria are more reliable than creatinine clearance and 
proteinuria, respectively. The former is cumbersome and 
the collection of the 24-h urine sample is often inaccurate; 
the latter is affected by several analytical pitfalls. Since 
the estimation of GFR by equations is not applicable 
during pregnancy, creatinine clearance may be of clinical 
value in certain conditions. However, to obtain a reliable 
creatinine clearance result, 24-h urine collection must 
be rigorous. Albuminuria can be screened by qualitative/
semiquantitative dipstick methods; however, any positive 
result must be confirmed by a quantitative measurement 
either on a 24-h urine sample or on a first-morning urine 
sample by reporting results as albuminuria-to-creatininuria 
ratio. Any negative result obtained by dipstick must be 
carefully evaluated on the basis of history and clinical 
signs, tacking into account possible false-negative results 
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due to the presence of a protein mixture without albumin 
or with a very low concentration of albumin. Cystatin C 
should be used in the first trimester to predict the risk of 
preeclampsia and that of gestational diabetes mellitus as 
well as the risk of complications in the third trimester. 
Finally, pregnant women with proteinuria must be checked 
for urinary tract infection (UTI) twice monthly, or weekly 
if necessary, by urine cultures (157). This recommendation 
is particularly fundamental in pregnant women with 
ADPKD, pyelonephritis, and renal malformation. The 
early recognition of UTI is crucial to avoiding the evolution 
of UTI in a chronic or recurrent infection that, in turn, 
induces a further increase in proteinuria as well as an 
increased risk of placental and fetal infections (160).

Acknowledgments

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest 
to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

References

1. Poppas A, Shroff SG, Korcarz CE, et al. Serial assessment 
of the cardiovascular system in normal pregnancy. Role of 
arterial compliance and pulsatile arterial load. Circulation 
1997;95:2407-15. 

2. Desai DK, Moodley J, Naidoo DP. Echocardiographic 
assessment of cardiovascular hemodynamics in normal 
pregnancy. Obstet Gynecol 2004;104:20-29. 

3. Maynard SE, Karumanchi SA, Thadhani R. Hypertension 
and kidney disease in pregnancy. In: Skorecki K, 
Chertow GM, Marsden PA, et al. editors. Brenner and 
Rector's The Kidney, 10th ed. Philadelphia, PA: Elsevier 
2016:1610-639.

4. Odutayo A, Hladunewich M. Obstetric nephrology: 
renal hemodynamic and metabolic physiology in normal 
pregnancy. Clin J Am Soc Nephrol 2012;7:2073-80.

5. Magee LA, Singer J, von Dadelszen P; CHIP Study 
Group. Less- tight versus tight control of hypertension in 

pregnancy. N Engl J Med 2015;372:2367-8.
6. Mol BWJ, Roberts CT, Thangaratinam S, et al. Pre.

eclampsia. Lancet 2016;387:999-1011.
7. Kalinderi K, Delkos D, Kalinderis M, et al. Urinary 

tract infection during pregnancy: current concepts on 
a common multifaceted problem. J Obstet Gynaecol 
2018;38:448-53.

8. Vijayan M, Avendano M, Chinchilla KA, et al. Acute 
kidney injury in pregnancy. Curr Opin Crit Care 2019. 
[Epub ahead of print].

9. Brown MA, Holt JL, Mangos GJ, et al. Microscopic 
hematuria in pregnancy: relevance to pregnancy outcome. 
Am J Kidney Dis 2005;45:667-73.

10. Allegaert K, van den Anker JN. Perinatal Clinical 
Pharmacology: Optimizing Pharmacotherapy for Pregnant 
Women, Their Fetuses and Infants. Curr Pharm Des 
2019;25:467-8.

11. Dallmann A, Mian P, van den Anker J, et al. Clinical 
pharmacokinetic studies in pregnant women and the 
relevance of pharmacometric tools. Curr Pharm Des 
2019;25:483-95.

12. Silver RM, Branch DW. Placenta Accreta Spectrum. N 
Engl J Med 2018;378:1529-36.

13. Bañón Pérez VJ, Rigabert Montiel M, Nicolás Torralba JA, 
et al. Management of obstructive uropathy in pregnancy. 
Actas Urol Esp 1999;23:227-31.

14. Gonzalez Suarez ML, Kattah A, Grande JP, et al. Renal 
Disorders in Pregnancy: Core Curriculum 2019. Am J 
Kidney Dis 2019;73:119-30.

15. Smyth A, Radovic M, Garovic VD. Women, kidney 
disease, and pregnancy. Adv Chronic Kidney Dis 
2013;20:402-10.

16. Faúndes A, Bricola-Filho M, Pinto e Silva JL. Dilatation of 
the urinary tract during pregnancy: proposal of a curve of 
maximal caliceal diameter by gestational age. Am J Obstet 
Gynecol 1998;178:1082-86.

17. Liu DB, Armstrong WR 3rd, Maizels M. Hydronephrosis: 
prenatal and postnatal evaluation and management. Clin 
Perinatol 2014;41:661-78.

18. Cheung KL, Lafayette RA. Renal physiology of pregnancy. 
Adv Chronic Kidney Dis 2013;20:209-14.

19. Denic A, Mathew J, Lerman LO, et al. Single-Nephron 
Glomerular Filtration Rate in Healthy Adults. N Engl J 
Med 2017;376:2349-57.

20. Renkin EM, Robinson RR. Glomerular filtration. N Engl 
J Med 1974;290:785-92.

21. Brenner BM, Baylis C, Deen WM. Transport of 
molecules across renal glomerular capillaries. Physiol Rev 



Journal of Laboratory and Precision Medicine, 2020 Page 13 of 17

© Journal of Laboratory and Precision Medicine. All rights reserved. J Lab Precis Med 2020;5:18 | http://dx.doi.org/10.21037/jlpm.2020.02.04

1976;56:502-34.
22. Navar LG. Integrating multiple paracrine regulators 

of renal microvascular dynamics. Am J Physiol 
1998;274:F433-44.

23. Ichihara A, Hayashi M, Navar LG, et al. Inducible 
nitric oxide synthase attenuates endothelium-dependent 
renal microvascular vasodilation. J Am Soc Nephrol 
2000;11:1807-12.

24. Bucht H. Studies on renal function in man with special 
reference to glomerular filtration and renal plasma flow in 
pregnancy. Scand J Clin Lab Invest 1951;3 Suppl 3:1-64.

25. De Alvarez RR: Renal glomerulotubular mechanisms 
during normal pregnancy. I. Glomerular filtration rate, 
renal plasma flow, and creatinine clearance. Am J Obstet 
Gynecol 1958;75:931-44.

26. Dunlop W. Serial changes in renal haemodynamics 
during normal human pregnancy. Br J Obstet Gynaecol 
1981;88:1-9.

27. Davison JM, Dunlop W. Renal hemodynamics and 
tubular function normal human pregnancy. Kidney Int 
1980;18:152-61.

28. Helal I, Fick-Brosnahan GM, Reed-Gitomer B, et al. 
Glomerular hyperfiltration: Definitions, mechanisms and 
clinical implications. Nat Rev Nephrol 2012;8:293-300.

29. Conrad KP. Mechanisms of renal vasodilation and 
hyperfiltration during pregnancy. J Soc Gynecol Investig 
2004;11:438-48.

30. Ronco C, Brendolan A, Bragantini L, et al. Renal 
functional reserve in pregnancy. Nephrol Dial Transplant 
1988;3:157-61.

31. Park S, Lee SM, Park JS, et al. Gestational Estimated 
Glomerular Filtration Rate and Adverse Maternofetal 
Outcomes. Kidney Blood Press Res 2018;43:1688-98.

32. Morken NH, Travlos GS, Wilson RE, et al. Maternal 
glomerular filtration rate in pregnancy and fetal size. PLoS 
One 2014;9:e101897.

33. Dunlop W. Renal physiology in pregnancy. Postgrad Med 
J 1979;55:329-32.

34. Sims EA, Krantz KE. Serial studies of renal function 
during pregnancy and the puerperium in normal women. J 
Clin Invest. 1958;37:1764-74.

35. Chapman AB, Abraham WT, Zamudio S, et al. Temporal 
relationships between hormonal and he- modynamic 
changes in early human pregnancy. Kidney Int 
1998;54:2056-63.

36. Hladunewich MA, Lafayette RA, DerbyGC, et al. The 
dynamics of glomerular filtration in the puerperium. Am J 
Physiol Renal Physiol 2004;286:F496-503.

37. Macdonald-Wallis C, Silverwood RJ, Fraser A, et al. 
Gestational-age-specific reference ranges for blood 
pressure in pregnancy: findings from a prospective cohort. 
J Hypertens 2015;33:96-105.

38. Smith HW. The reliability of inulin as a measure of 
glomerular filtration rate. In: Smith HW ed. The kidney: 
structure and function in health and disease. New York: 
Oxford University Press, 1955:231-8.

39. Kristensen K, Lindström V, Schmidt C, et al. Temporal 
changes of the plasma levels of cystatin C, beta-trace 
protein, beta2-microglobulin, urate and creatinine during 
pregnancy indicate continuous alterations in the renal 
filtration process. Scand J Clin Lab Invest 2007;67:612-18.

40. Bargnoux AS, Kuster N, Cavalier E, et al. Serum 
Creatinine: advantages and pitfalls. J Lab Precis Med 
2018;3:71.

41. Castellano G, Losappio V, Gesualdo L. Update on 
Pregnancy in Chronic Kidney Disease. Kidney Blood 
Press Res 2011;34:253-60.

42. Maynard SE, Thadhani R. Pregnancy and the kidney. J 
Am Soc Nephrol 2009;20:14-22.

43. de Haas S, Ghossein-Doha C, van Kuijk SM, et al. 
Physiological adaptation of maternal plasma volume 
during pregnancy: a systematic review and meta-analysis. 
Ultrasound Obstet Gynecol 2017;49:177-87.

44. Logoglu G, Bisak U, Ozgünen FT, et al. Endogenous 
creatinine and blood urea nitrogen clearances in normal 
pregnancy. J Islam Acad Sci 1990;3:348-53.

45. Girling JC. Re-evaluation of plasma creatinine 
concentration in normal pregnancy. J Obstet Gynaecol 
2000;20:128-31. 

46. Larsson A, Palm M, Hansson LO, et al. Reference values 
for clinical chemistry tests during normal pregnancy. 
BJOG 2008;115:874-81.

47. Abbassi-Ghanavati M, Greer LG, Cunningham FG. 
Pregnancy and laboratory studies: a reference table for 
clinicians. Obstet Gynecol 2009;114:1326-31.

48. Lockitch G. Handbook of Diagnostic Biochemistry and 
Haematology in Normal Pregnancy. Boca Raton: CRC 
Press; 1993.

49. Dunlop W. Investigations into the influence of posture on 
renal plasma flow and glomerular filtration rate during late 
pregnancy. Br J Obstet Gynaecol 1976;83:17-23.

50. Lohsiriwat S, Imrittha N. Effect of posture on creatinine 
clearance in late pregnancy and after pregnancy. J Obstet 
Gynaecol Res 2008;34:337-42.

51. Fischer MJ. Chronic kidney disease and pregnancy: 
maternal and fetal outcomes. Adv Chronic Kidney Dis 



Journal of Laboratory and Precision Medicine, 2020Page 14 of 17

© Journal of Laboratory and Precision Medicine. All rights reserved. J Lab Precis Med 2020;5:18 | http://dx.doi.org/10.21037/jlpm.2020.02.04

2007;14:132-45.
52. August P. Preeclampsia: a nephrocentric view. Adv Chronic 

Kidney Dis 2013;20:280-6.
53. Machado S, Figueiredo N, Borges A, et al. Acute kidney 

injury in pregnancy: a clinical challenge. J Nephrol 
2012;25:19-30.

54. Lightstone L. Kidney disease and pregnancy. Medicine 
2015;43:550-5.

55. Lopes van Balen VA, van Gansewinkel TAG, de Haas S, et 
al. Maternal kidney function during pregnancy: systematic 
review and meta-analysis. Ultrasound Obstet Gynecol 
2019;54:297-307.

56. Wiles K, Bramham K, Seed PT, et al. Serum Creatinine 
in Pregnancy: A Systematic Review. Kidney Int Rep 
2018;4:408-19.

57. Mazzachi BC, Peake MJ, Ehrhardt V. Reference range 
and method comparison studies for enzymatic and Jaffé 
creatinine assays in plasma and serum and early morning 
urine. Clin Lab 2000;46:53-5.

58. Harel Z, McArthur E, Hladunewich M, et al. Serum 
creatinine levels before, during, and after pregnancy. 
JAMA 2019;321:205-7.

59. Camara AA, Arn KD, Reimer A, et al. The twenty-four 
hourly endogenous creatinine clearance as a clinical 
measure of the functional state of the kidneys. J Lab Clin 
Med 1951;37:743-63.

60. Kalantari K, Bolton WK. A good reason to measure 24-
hour urine creatinine excretion, but not to assess kidney 
function.Clin J Am Soc Nephrol 2013;8:1847-49.

61. Levey AS, Inker LA. Assessment of Glomerular Filtration 
Rate in Health and Disease: A State of the Art Review. 
Clin Pharmacol Ther 2017;102:405-19.

62. Clark LC, Thompson H, Beck EI. The excretion of 
creatine and creatinine during pregnancy. Am J Obstet 
Gynecol 1951;62:576-83.

63. Kastl JT. Renal function in the fetus and neonate - 
the creatinine enigma. Semin Fetal Neonatal Med 
2017;22:83-9.

64. Miler M, Šimundić AM. Low level of adherence to 
instructions for 24-hour urine collection among hospital 
outpatients. Biochem Med (Zagreb). 2013;23:316-20.

65. CLSI. Urinalysis; Approved Guideline-Third Edition. 
CLSI document GP16-A3. Wayne, PA, USA: Clinical and 
Laboratory Standards Institute; 2009.

66. Jassam N, Weykamp C, Thomas A, et al. Post-
standardization of routine creatinine assays: are they 
suitable for clinical applications. Ann Clin Biochem 
2017;54:386-94.

67. Gasca-Aragon H, Balderas-Escamilla M, Serrano-
Caballero VM, et al. Standardization and improvement 
program for creatinine measurement in human serum. 
Accredit Quality Ass 2019;24:3-8.

68. Greenberg N, Roberts WL, Bachmann LM, et al. 
Specificity characteristics of 7 commercial creatinine 
measurement procedures by enzymatic and Jaffe method 
principles. Clin Chem 2012;58:391-401.

69. Hoste L, Martens F, Cooreman S, et al. Does the type of 
creatinine assay affect creatinine clearance determination? 
Scand J Clin Lab Invest 2014;74:392-8.

70. Davison JM, Dunlop W, Ezimokhai M. 24-hour creatinine 
clearance during the third trimester of normal pregnancy. 
Br J Obstet Gynaecol 1980;87:106-9.

71. Davison JM, Noble MC. Serial changes in 24 hour 
creatinine clearance during normal menstrual cycles and 
the first trimester of pregnancy. Br J Obstet Gynaecol 
1981;88:10-7.

72. Akbari A, Lepage N, Keely E, et al. Cystatin-C and beta 
trace protein as markers of renal function in pregnancy. 
BJOG. 2005;112:575-8.

73. Williams D, Davison J. Chronic kidney disease in 
pregnancy. BMJ 2008;336:211-5.

74. Ahmed SB, Bentley-Lewis R, Hollenberg NK, et al. A 
Comparison of Prediction Equations for Estimating 
Glomerular Filtration Rate in Pregnancy. Hypertens 
Pregnancy 2009;28:243-55.

75. Rule AD, Kremers WK. What Is the Correct Approach 
for Comparing GFR by Different Methods across Levels 
of GFR? Clin J Am Soc Nephrol 2016;11:1518-21.

76. Smith MC, Moran P, Ward MK, et al. Assessment of 
glomerular filtration rate during pregnancy using the 
MDRD formula. BJOG 2008;115:109-12.

77. Zhang X, McCulloch CE, Lin F, et al. Measurement 
Error as Alternative Explanation for the Observation that 
CrCl/GFR Ratio is Higher at Lower GFR. Clin J Am Soc 
Nephrol 2016;11:1574-81.

78. Schwartz GJ, Brlon LP, Spitzer A. The use of plasma 
creatinine concentration for estimating glomerular 
filtration rate in infants, children and adolescents. Pediatr 
Clin North Am 1987;34:571-90.

79. Mian AN, Schwartz GJ. Measurement and Estimation 
of Glomerular Filtration Rate in Children. Adv Chronic 
Kidney Dis 2017;24:348-56.

80. Lee HS, Rhee H, Seong EY, et al. Comparison of 
glomerular filtration rates calculated by different serum 
cystatin C-based equations in patients with chronic kidney 
disease. Kidney Res Clin Pract 2014;33:45-51.



Journal of Laboratory and Precision Medicine, 2020 Page 15 of 17

© Journal of Laboratory and Precision Medicine. All rights reserved. J Lab Precis Med 2020;5:18 | http://dx.doi.org/10.21037/jlpm.2020.02.04

81. Segarra A, de la Torre J, Ramos N, et al. Assessing 
glomerular filtration rate in hospitalized patients: a 
comparison between CKD-EPI and four cystatin C-based 
equations. Clin J Am Soc Nephrol 2011;6:2411-20.

82. Salvador CL, Tøndel C, Rowe AD, Bjerre A, et al. 
Estimating glomerular filtration rate in children: 
evaluation of creatinine- and cystatin C-based equations. 
Pediatr Nephrol 2019;34:301-11.

83. Cockcroft DW, Gault MH. Prediction of creatinine 
clearance from serum creatinine. Nephron 1976;16:31-41.

84. Delanaye P, Cohen EP. Formula-Based Estimates of the 
GFR: Equations Variable and Uncertain. Nephron Clin 
Pract 2008;110:c48-53.

85. Musso CG, Álvarez-Gregori J, Jauregui J, et al. 
Glomerular filtration rate equations: a comprehensive 
review. Int Urol Nephrol 2016;48:1105-10.

86. Quadri KH, Bernardini J, Greenberg A, et al. Assessment 
of renal function during pregnancy using a random urine 
protein to creatinine ratio and Cockcroft-Gault formula. 
Am J Kidney Dis 1994;24:416-20.

87. Alper AB, Yi Y, Webber LS, et al. Estimation of glomerular 
filtration rate in preeclamptic patients. Am J Perinatol 
2007;24:569-74.

88. Nguyen MT, Maynard SE, Kimmel PL. Misapplications 
of commonly used kidney equations: renal physiology in 
practice. Clin J Am Soc Nephrol 2009;4:528-34.

89. Côté AM, Lam EM, von Dadelszen P, et al. Monitoring 
renal function in hypertensive pregnancy. Hypertens 
Pregnancy 2010;29:318-29.

90. Marques LPJ, Rocco R, Victor MH, et al. Clinical use 
of estimating glomerular filtration rate equations during 
pregnancy. Health 2011;3:32-6.

91. Koetje PM, Spaan JJ, Kooman JP, et al. Pregnancy Reduces 
the Accuracy of the Estimated Glomerular Filtration Rate 
Based on Cockroft-Gault and MDRD Formulas. Reprod 
Sci 2011;18:456-62.

92. Vega JA, Ochoa PS, Marsh EL, et al. Comparison of 24-
Hour Urine to Estimated Renal Function using CKD-
EPI, MDRD4 and Cockcroft-Gault in Specific Patient 
Subsets. J Pharma Care Health Sys 2015;2:e1000129.

93. Wiles K, Chappell L, Clark K, et al. Clinical practice 
guideline on pregnancy and renal disease. BMC Nephrol 
2019;20:401.

94. Mackillop L, Brown M. CKD and Pregnancy. In: 
Bramham K, Hall M, Nelson-Piercy C, eds. Renal Disease 
in Pregnancy. 2nd ed. Cambridge, UK: Cambridge 
University Press, 2018:47-61.

95. Fredriksson A. Renal handling of beta2-microglobulin 

in experimental renal disease. Scand J Clin Lab Invest. 
1975;35:591-600.

96. Kusano E, Suzuki M, Asano Y, et al. Human alpha 
1-microglobulin and its relationship to renal function. 
Nephron 1985;41:320-4.

97. Jung K, Schulze BD, Sydow K, et al. Diagnostic value of 
low-molecular mass proteins in serum for the detection 
of reduced glomerular filtration rate. J Clin Chem Clin 
Biochem 1987;25:499-503.

98. Clausen J. Proteins in normal cerebrospinal fluid not 
found in serum. Proc Soc Exp Biol Med 1961;107:170-2.

99. Butler EA, Flynn FV. The occurence of post-gamma 
protein in urine: A new abnormality. J Clin Pathol 
1961;14:172-8.

100. Grubb A, Löfberg H. Human gamma-trace, a basic 
microprotein: Amino acid sequence and presence 
in the adenohypophysis. Proc Natl Acad Sci U S A 
1982;79:3024-7.

101. Mussap M, Plebani M. Biochemistry and clinical role of 
human cystatin C. Crit Rev Clin Lab Sci 2004;41:467-550.

102. Kyhse-Andersen J, Schmidt C, Nordin G, et al. Serum 
cystatin C, determined by a rapid, automated particle-
enhanced turbidimetric method, is a better marker than 
serum creatinine for glomerular filtration rate. Clin Chem 
1994;40:1921-6.

103. Mussap M, Ruzzante N, Varagnolo M, et al. Quantitative 
automated particle-enhanced immunonephelometric assay 
for the routinary measurement of human cystatin C. Clin 
Chem Lab Med 1998;36:859-65.

104. Ebert N, Delanaye P, Shlipak M, et al. Cystatin C 
standardization decreases assay variation and improves 
assessment of glomerular filtration rate. Clin Chim Acta 
2016;456:115-21.

105. Erlandsen EJ, Randers E. Reference intervals for plasma 
cystatin C and plasma creatinine in adults using methods 
traceable to international calibrators and reference 
methods. J Clin Lab Anal 2018;32:e22433.

106. Bargnoux AS, Piéroni L, Cristol JP, et al. Multicenter 
Evaluation of Cystatin C Measurement after Assay 
Standardization. Clin Chem 2017;63:833-41.

107. Shlipak MG, Matsushita K, Ärnlöv J, et al. Cystatin C 
versus Creatinine in Determining Risk Based on Kidney 
Function. N Engl J Med 2013;369:932-43.

108. Qiu X, Liu C, Ye Y, et al. The diagnostic value of serum 
creatinine and cystatin C in evaluating glomerular 
filtration rate in patients with chronic kidney disease: a 
systematic literature review and meta-analysis. Oncotarget 
2017;8:72985-999.



Journal of Laboratory and Precision Medicine, 2020Page 16 of 17

© Journal of Laboratory and Precision Medicine. All rights reserved. J Lab Precis Med 2020;5:18 | http://dx.doi.org/10.21037/jlpm.2020.02.04

109. Groesbeck D, Köttgen A, Parekh R, et al. Age, Gender, 
and Race Effects on Cystatin C Levels in US Adolescents. 
Clin J Am Soc Nephrol. 2008;3:1777-85.

110. Stevens LA, Schmid CH, Greene T, et al. Factors other 
than glomerular filtration rate affect serum cystatin C 
levels. Kidney Int 2009;75:652-60.

111. de Vries AP, Rabelink TJ. A possible role of cystatin 
C in adipose tissue homeostasis may impact kidney 
function estimation in metabolic syndrome. Nephrol Dial 
Transplant 2013;28:1628-30.

112. Cataldi L, Mussap M, Bertelli L, et al. Cystatin C in 
healthy women at term pregnancy and in their infant 
newborns: relationship between maternal and neonatal 
serum levels and reference values. Am J Perinatol 
1999;16:287-95.

113. Strevens H, Wide-Swensson D, Torffvit O, et al. Serum 
cystatin C for assessment of glomerular filtration rate in 
pregnant and non-pregnant women. Indications of altered 
filtration process in pregnancy. Scand J Clin Lab Invest 
2002;62:141-7.

114. Babay Z, Al-Wakeel J, Addar M, et al. Serum cystatin 
C in pregnant women: reference values, reliable and 
superior diagnostic accuracy. Clin Exp Obstet Gynecol 
2005;32:175-9.

115. Kristensen K, Wide-Swensson D, Schmidt C, et al. 
Cystatin C, beta-2-microglobulin and beta-trace protein in 
pre-eclampsia. Acta Obstet Gynecol Scand 2007;86:921-6.

116. Franceschini N, Qiu C, Barrow DA, Williams MA. 
Cystatin C and preeclampsia: a case control study. Ren Fail 
2008;30:89-95.

117. Obrenovic R, Petrovic D, Majkic-Singh N, et al. Serum 
cystatin C levels in normal pregnancy. Clin Nephrol 
2011;76:174-9.

118. Kitporntheranunt M, Manolertthewan W. Normal Serum 
Cystatin C Level during the First Trimester of Thai Pregnant 
Women. J Med Assoc Thai 2016;99 Suppl 8:S196-S200.

119. Risch M, Purde MT, Baumann M, et al. High first-
trimester maternal blood cystatin C levels despite normal 
serum creatinine predict pre-eclampsia in singleton 
pregnancies. Scand J Clin Lab Invest 2017;77:634-43.

120. Jia L, Yongmei J, Leiwen P, et al. The reference intervals 
for renal function indexes in chinese pregnant women. Pak 
J Pharm Sci 2017;30:1133-38.

121. Kitporntheranunt M, Manolertthewan W. Reference 
Intervals for Serum Cystatin C in the Second and Third 
Trimester of Thai Pregnant Women. J Med Assoc Thai 
2019;102:46-9.

122. Saxena AR, Ananth Karumanchi S, Fan SL, et al. 

Correlation of Cystatin-C with Glomerular Filtration Rate 
by Inulin Clearance in Pregnancy. Hypertens Pregnancy 
2012;31:22-30.

123. Peng J, Wang W, Zheng L, et al. Serum Cystatin C Levels 
in Twin Pregnancy versus Singleton Pregnancy. Lab Med. 
2019;50:163-7.

124. Bellos I, Fitrou G, Daskalakis G, et al. Serum cystatin-c 
as predictive factor of preeclampsia: A meta-analysis 
of 27 observational studies. Pregnancy Hypertens 
2019;16:97-104.

125. Wattanavaekin K, Kitporntheranunt M, Kreepala C. 
Cystatin C as a novel predictor of preterm labor in severe 
preeclampsia. Kidney Res Clin Pract 2018;37:338-46.

126. Cyganek A, Wyczalkowska-Tomasik A, Jarmuzek P, et al. 
Activity of Proteolytic Enzymes and Level of Cystatin C in 
the Peripartum Period. iomed Res Int 2016;2016:7065821.

127. Zhao W, Pan J, Li H, et al. Relationship between High 
Serum Cystatin C Levels and the Risk of Gestational 
Diabetes Mellitus. PLoS One 2016;11:e0147277.

128. Gursoy AY, Tasci Y, Celik H, et al. The prognostic 
value of first-trimester cystatin C levels for gestational 
complications. J Perinat Med 2016;44:295-9.

129. Zhang HB, Fan JM, Zhu LL, et al. Combination of NGAL 
and Cystatin C for Prediction of Preeclampsia at 10-14 
Weeks of Gestation. Clin Lab 2019;65. doi: 10.7754/Clin.
Lab.2018.180831.

130. Calò L. In memory of professor Arturo Borsatti. Am J 
Nephrol 1997;17:203.

131. Deen WM, Lazzara MJ, Myers BD. Structural 
determinants of glomerular permeability. Am J Physiol 
Renal Physiol 2001;281:F579-96.

132. Tryggvason K, Wartiovaara J. Molecular basis of 
glomerular permselectivity. Curr Opin Nephrol Hypertens 
2001;10:543-9.

133. Harvey SJ, Miner JH. Revisiting the glomerular charge 
barrier in the molecular era. Curr Opin Nephrol 
Hypertens 2008;17:393-8.

134. Iseki K, Ikemiya Y, Iseki C, et al. Proteinuria and the 
risk of developing end-stage renal disease. Kidney Int 
2003;63:1468-74.

135. Elia EG, Robb AO, Hemming K, et al. Is the first urinary 
albumin/creatinine ratio (ACR) in women with suspected 
preeclampsia a prognostic factor for maternal and neonatal 
adverse outcome? A retrospective cohort study. Acta 
Obstet Gynecol Scand 2017;96:580-8.

136. Sibai BM, Stella CL. Diagnosis and management of 
atypical preeclampsia-eclampsia. Am J Obstet Gynecol 
2009;200:481.e1-7.



Journal of Laboratory and Precision Medicine, 2020 Page 17 of 17

© Journal of Laboratory and Precision Medicine. All rights reserved. J Lab Precis Med 2020;5:18 | http://dx.doi.org/10.21037/jlpm.2020.02.04

137. Chung WH, To WWK. Outcome of pregnancy 
with new onset proteinuria and progression to pre-
eclampsia: A retrospective analysis. Pregnancy Hypertens 
2018;12:174-77.

138. Martens RJH, Houben AJHM, Kooman JP, et al. 
Microvascular endothelial dysfunction is associated 
with albuminuria: the Maastricht Study. J Hypertens 
2018;36:1178-87.

139. Smith NA, Lyons JG, McElrath TF. Protein:creatinine 
ratio in uncomplicated twin pregnancy. Am J Obstet 
Gynecol 2010;203:381.e1-4.

140. Higby K, Suiter CR, Phelps JY, et al. Normal values 
of urinary albumin and total protein excretion during 
pregnancy. Am J Obstet Gynecol 1994;171:984-89.

141. ACOG Practice Bulletin No. 202: Gestational 
Hypertension and Preeclampsia. Obstet Gynecol 
2019;133: e1-1e25.

142. Kattah A, Milic N, White W, et al. Spot urine protein 
measurements in normotensive pregnancies, pregnancies 
with isolated proteinuria and preeclampsia. Am J Physiol 
Regul Integr Comp Physiol 2017;313: R418-24.

143. Osman O, Maynard S. Proteinuria in pregnancy-Review. 
Front Women’s Health 2019;4:1-5.

144. Holston AM, Qian C, Yu KF, et al. Circulating angiogenic 
factors in gestational proteinuria without hypertension. 
Am J Obstet Gynecol 2009;200:392.e1-10.

145. Kavuru V, Vu T, Karageorge L, Choudhury D, et 
al. Dipstick analysis of urine chemistry: benefits and 
limitations of dry chemistry-based assays. Postgrad Med 
2019;19:1-9.

146. Papanna R, Mann LK, Kouides RW, et al. Protein/
creatinine ratio in preeclampsia: a systematic review. 
Obstet Gynecol 2008;112:135-44.

147. Morris RK, Riley RD, Doug M, et al. Diagnostic accuracy 
of spot urinary protein and albumin to creatinine ratios for 
detection of significant proteinuria or adverse pregnancy 
outcome in patients with suspected pre-eclampsia: 
systematic review and meta-analysis. BMJ 2012;345:e4342.

148. Waugh J, Hooper R, Lamb E, et al. Spot protein-
creatinine ratio and spot albumin-creatinine ratio in the 
assessment of pre-eclampsia: a diagnostic accuracy study 
with decision-analytic model-based economic evaluation 
and acceptability analysis. Health Technol Assess 

2017;21:1-90.
149. Martin H. Laboratory measurement of urine albumin and 

urine total protein in screening for proteinuria in chronic 
kidney disease. Clin Biochem Rev 2011;32:97-102.

150. Huang Q, Gao Y, Yu Y, et al. Urinary spot albumin:creatinine 
ratio for documenting proteinuria in women with 
preeclampsia. Rev Obstet Gynecol 2012;5:9-15.

151. Alper AB, Yi Y, Rahman M, et al. Performance of 
estimated glomerular filtration rate prediction equations in 
preeclamptic patients. Am J Perinatol 2011;28:425-30.

152. KDIGO 2012 Clinical practice guideline for the evaluation 
and management of chronic kidney disease. Kidney Int 
Suppl 2013;3:1-150.

153. Piccoli GB, Attini R, Vigotti FN, et al. Is renal 
hyperfiltration protective in chronic kidney disease-stage 
1 pregnancies? A step forward unravelling the mystery of 
the effect of stage 1 chronic kidney disease on pregnancy 
outcomes. Nephrology (Carlton) 2015;20:201-8.

154. Zhang JJ, Ma XX, Hao L, et al. A systematic review and 
meta-analysis of outcomes of pregnancy in CKD and 
CKD Outcomes in pregnancy. Clin J Am Soc Nephrol 
2015;10:1964-78.

155. Piccoli GB, Cabiddu G. Pregnancy and kidney disease: 
from medicine based on exceptions to exceptional 
medicine. J Nephrol 2017;30:303-5.

156. Fitzpatrick A, Mohammadi F, Jesudason S. Managing 
pregnancy in chronic kidney disease: improving outcomes 
for mother and baby. Int J Womens Health 2016;8:273-85.

157. Cabiddu G, Castellino S, Gernone G, et al. A best practice 
position statement on pregnancy in chronic kidney disease: 
the Italian Study Group on Kidney and Pregnancy. J 
Nephrol. 2016;29:277-303.

158. Munkhaugen J, Lydersen S, Romundstad PR, et al. Kidney 
function and future risk for adverse pregnancy out- comes: 
a population-based study from HUNT II, Norway. 
Nephrol Dial Transplant 2009;24:3744-50.

159. Piccoli GB, Daidola G, Attini R, et al. Kidney biopsy 
in pregnancy: evidence for counselling? A systematic 
narrative review. BJOG 2013;120:412-27.

160. Schneeberger C, Geerlings SE, Middleton P, et al. 
Interventions for preventing recurrent urinary tract 
infection during pregnancy. Cochrane Database Syst Rev 
2012;11:CD009279.

doi: 10.21037/jlpm.2020.02.04
Cite this article as: Mussap M, Noto A. Renal disorders in 
pregnancy. J Lab Precis Med 2020;5:18.


