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Introduction: While the gold standard for evaluation of maternal urinary protein is a 24-hr
urine collection, spot urine protein/creatinine ratio has been instituted as an alternative for
quantification proteinuria. Though it seems intuitive to obtain a catheterized urine sample on
patients with ruptured amniotic membranes, it is a common practice to forgo this step under
the argument that there is no data to show its necessity. Data on the effect of amniotomy,
spontaneous or artificial, on the accuracy of the protein/creatinine ratio are scant. The present
study was designed to address this issue and objectively compare protein/creatinine ratio
values on samples obtained from the same patient before and after amniotomy.

Methods: We conducted a prospective non-interventional study. Women presenting in active
labor or for labor induction with intact amnion were enrolled. Separate random catch urines
for the protein/creatinine ratio were obtained prior to and immediately after spontaneous or
assisted amniotomy. The urine samples were analyzed in the hospital chemistry department,
and the results were compared.

Results: Of the 137 patients consented, 63 had pre- and post-amniotomy protein/creatinine
ratios collected. The mean age was 28.5+5.6 y, Gravidity 2.7+1.6, Gestational age 39.2+1.8
wks, and BMI 31.6+6.4 kg/m>. Comorbidities included gestational diabetes (5/63, 7.9%),
chronic hypertension (3/63, 4.7%), and pre-eclampsia (5/63, 7.9%). Post-amniotomy protein/
creatinine ratio was significantly higher than pre-amniotomy ratio (1.3+2.5 vs 0.34+0.83,
p<0.001). In addition, the number of patients with protein/creatinine ratio greater than 0.3
was higher post-amniotomy than pre-amniotomy (41/63 vs 14/63, p<0.001).

Conclusion: Amniotomy results in a false elevation of the protein/creatinine ratio in term
patients. Urine samples should be obtained by catheterization in the setting of ruptured
membranes to reduce falsely elevated results. Although the same can be assumed for other
gestational ages, further studies including this population need to be conducted.
Keywords: amniotic fluid, protein creatinine ratio, preeclampsia, urine protein, pregnancy,

gestational hypertension

Introduction

Preeclampsia is a multi-system disorder characterized by new-onset hypertension
with proteinuria and/or end-organ dysfunction, which occurs at the 20th week of
gestation or later. The exception to this time of presentation can be seen in multiple
gestations, eg, twin, triplet gestations, as well as molar pregnancies in which
preeclampsia can develop earlier than 20 weeks gestation. It is estimated to occur
in 3.4% of the pregnancies in the United States, and over the past two decades, has
increased by 25%.' Preeclampsia can result in significant maternal and fetal
morbidity and mortality, thus timely diagnosis is crucial.
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When blood pressure is equal or higher than 140
mmHg for systolic or 90 mmHg for diastolic on two
occasions at least 4 hrs apart in gestations greater than
20 weeks, evaluation for preeclampsia should ensue. This
should include blood pressure monitoring and laboratory
testing to evaluate for both end-organ dysfunction and
urine protein levels.

The gold standard for evaluation of maternal protei-
nuria is a 24-hr urine collection with protein of 300 mg/dL
or greater considered abnormal.’ The results of a 24-hr
urine collection are not immediately available to guide the
management of a patient with new-onset hypertension.

In both pregnant and non-pregnant patients, a spot
urine protein/creatinine ratio has been validated for the
evaluation of urine protein excretion in individuals with
hypertension (HTN), diabetes, and renal disease.*

Furthermore, in studies involving pregnant patients,
a similarly high correlation between a 24-hr protein col-
lection and a random urine protein/creatinine ratio have
been noted.®® Due to these findings, the protein/creatinine
ratio has been adopted as first line in the evaluation of
preeclampsia in pregnant patients, with a value of 0.3 or
greater suggesting a 24-hr urine protein of at least
300 mg."'” One benefit of the spot urine protein/creatinine
ratio is that the results are available within hours following
a random urine collection, which facilitates prompt eva-
luation, diagnosis, and management of preeclampsia.

Ruptured amniotic membranes are a common clinical
situation for a patient to present to the labor and delivery
floor, with coexisting potential for the same patient to have
either a history of gestational hypertension or elevated
blood pressures appreciated at time of hospital presenta-
tion. Amniotic fluid in the third trimester is composed of
fetal urine, fetal lung fluid, and fetal mucous membranes
secretions,

containing growth factors, carbohydrates,

lipids, wurea, and most importantly, proteins.
Intramembranous transfer of fluid and solutes across the
amniotic membranes changes the composition of the
amniotic fluid.""

Information is limited as to the appropriate method for
urine collection in the setting of spontaneous rupture of
membranes or amniotomy.®'°

In patients without rupture of membranes, there seems
to be no difference on the mode of collection, ie, clean
catch versus catheterized sampling.'?

The goal of this study was to determine whether or not
amniotic fluid leads to falsely elevated protein levels on

non-catheterized maternal urine samples used for the

calculation of protein/creatinine ratio as part of the diag-
nostic work up for preeclampsia.

Methods

This is a prospective non-interventional study conducted
between June 2016 and December 2016 at St. Luke’s
University Health Network, a community tertiary care
center with locations in Allentown and Bethlehem,
Pennsylvania. This study was approved by the St. Luke’s
University Health Network Institutional Review Board.
All women admitted in active labor or for induction of
labor, who were greater than 24 weeks gestation, and with
intact membranes were approached for inclusion in the
study. Both verbal and written informed consent was
obtained from all patients and this study was conducted
in accordance with the Declaration of Helsinki.

Women were excluded if they had preexisting renal
disease, known proteinuria of greater than 300 mg in
a 24-hr urine specimen, gross hematuria, an untreated
urinary tract infection (UTI), placental abruption, age
younger than 18 years, or presented for a scheduled
cesarean section. Informed consent was obtained from
each patient. A random, non-clean catch urine specimen
was collected on admission (preROM) and immediately
after the rupture of membranes (postROM), whether
spontaneous or artificial. These specimens were sent to
the St. Luke’s University Health Network chemistry
department for analysis. Samples not indicated for
direct clinical care were run in daily batches. Many,
but not all, paired samples were run in the same
batch. The Dimension Vista Intelligent Lab System
Flex reagent cartridge (Siemens Healthcare, Erlangen,
Germany) was employed to determine the protein and
creatinine components, followed by a computer-
calculated ratio.'> Women acted as their own controls,
and samples were obtained regardless of the patient’s
hypertension status.

A sample size of 84 was needed to find a difference of
0.35 in the protein/creatinine ratio, with an estimated stan-
dard deviation of 0.80 (Power 80%, p=0.05). Pre- and
postROM protein/creatinine ratio values were compared
using paired #-test or Mann—Whitney Rank Sum test, as
appropriate. Proportions of patients with a protein/creati-
nine ratio >0.30 before and after rupture of membranes
were compared using chi-squared test. All values are listed
as the meantstandard deviation, unless otherwise speci-
fied. Statistical analysis was performed on Sigma-Stat
statistical software (Systat Software, San Jose, CA).
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Table | Patient characteristics

Characteristics N=63
Age (years) 28.5+5.6
BMI (kg/m?) 31.616.4
Gestational Age (weeks) 39.2+1.8
Gravidity 2.7x1.6
Parity [HE4N|
Pre-eclampsia 5 (7.9%)
Chronic HTN 3(475)
Gestational DM 5 (7.9%)

Notes: Data are meantstandard deviation, or n (%).
Abbreviation: HTN, Hypertension.

Results

Overall, 137 patients were consented to participate in the
study, with 74 patients unable to provide a postROM urine
sample due to inability to void after epidural analgesia. These
patients were subsequently excluded from the study.
Therefore, 63 patients with complete data for analysis parti-
cipated in the study. The patient demographics and comorbid-
ities are listed in Table 1. The average age was 28.5 y£5.6
with an average gestational age of 39.2 weeks+1.8 and a mean
BMI of 31.6 kg/m*+6.4. Comorbidities included preeclampsia
(5/63, 7.9%), gestational diabetes (5/63, 7.9%), and chronic
hypertension (3/63, 4.7%). Artificial rupture of membranes
was performed in 49 of 63 patients (78%) (Table 1).

The mean protein/creatinine ratio preROM was 0.34
+0.83 with 21.5% (14/63) of the patients having a protein/
creatinine ratio greater than 0.3. An increase in protein/
creatinine ratio was noted in 56 (89%) patients postROM.
Six (9.5%) patients were noted to have a decrease in
postROM  protein/creatinine ratio, and no change was
noted in one patient. The mean protein/creatinine ratio
postROM was 1.342.5 with 65% (41/65) of the patients
having a protein/creatinine ratio greater than 0.30 (Table
2). The mean protein/creatinine ratios before and after
rupture of membranes were significantly different
(p<0.001), as was the proportion of patients with protein/
creatinine ratio greater than 0.3 before and after rupture of

Table 2 Urine/protein ratios before and after amniotomy

N=63 Pre ROM Post ROM P
UPr/Cr 0.34+0.83 1.3£2.5 <0.001
UPR/Cr >0.3 14/63 (21.5%) 41/63 (65%) <0.001

Notes: Data are meantstandard deviation. Pre ROM is the value before amniotomy.
PostROM s the value after amniotomy.

Abbreviations: Pre ROM, pre rupture of membranes; Post ROM, post rupture of
membranes.

membranes (P<0.001). this difference

remained significant even after excluding patients with

In addition,

pre-eclampsia or chronic hypertension. An interim analy-
sis of the results obtained prior to complete enrollment of
our target population showed statistical significance, thus
enrollment was terminated early.

Discussion

As suspected, rupture of membranes caused a dramatic
effect on the protein/creatinine ratio, with 41/63 (65%)
patients in our study population demonstrating an abnor-
mal protein/creatinine ratio after rupture of membranes,
either artificial or spontaneous. If we excluded the patients
with preeclampsia, 37/59 (63%) still had an elevated
postROM protein/creatinine ratio greater than 0.3. In addi-
tion, we noted that 14 of 63 (22%) patients had an elevated
preROM protein/creatinine ratio, which was an unex-
pected secondary finding.

Chen et al suggests that clean catch urine should be
used due to possible vaginal secretion contamination
which would falsely elevate the protein/creatinine ratio.'”
However, no supporting reference was provided in the
article, and there was no control group utilizing
a random urine collection for comparison to the clean
catch specimen protein/creatinine ratio included in their
study. The original studies that validated urine spot pro-
tein/creatinine ratio as a predictor of 24-hr total urine
protein used random non-clean catch random urines
specimens.””®!* In those studies, the urine protein/creati-
nine ratios had an r value of 0.93-0.99 in estimating total
protein excreted in 24 hrs, thus demonstrating a high cor-
relation. However, the status of membranes was not
reported. At our institution, we use a Siemens-based test
to determine the protein/creatinine ratio. In the product
insert, the company states that no special patient prepara-
tion is necessary.

In an effort to explain the elevated protein/creatinine
ratio appreciated in 14 pre-rupture samples, a detailed
chart review of these patients was performed. This
included a search for any obvious reasons for an initial
elevated protein/creatinine ratio value, such as active or
current treatment for bacterial vaginosis or other vaginal
infection, vaginal bleeding upon admission, or an admis-
sion workup for leakage of fluid and possible rupture of
membranes. One patient was noted to have minimal vagi-
nal bleeding upon arrival. The majority of these patients
were admitted for induction of labor for different indica-
tions, and none of them were found to have rupture of
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membranes on admission to the hospital. Additionally, 8 of
these 14 patients had a markedly elevated postROM sam-
ple, which was more than double their preROM result. No
identifiable cause was found in the majority of the normo-
tensive patients with elevated pre-rupture protein/creati-
nine ratio, and the reason for this difference remains
elusive. One possibility is the average gestational age in
our study was 39.2 weeks, which is significantly different
from the prior study which had a mean gestational age of
29.8 weeks.” This
accounted for the increase in contaminating proteins such

later gestational age may have

as a vaginal transudate, especially for those in labor.
Another explanation for the ten patients who had an eleva-
tion in both the preROM and postROM samples, without
elevated blood pressures, could be gestational proteinuria,
which is a diagnosis of exclusion.'

The present study shows that ruptured membranes,
with the ensuing amniotic fluid contamination of urine
sample, can cause a significant elevation in the urine
protein/creatinine ratio. For patients with preeclampsia,
the cut-off for the spot urine protein/creatinine ratio has
been the subject of debate, with values between 0.21
and 0.30 being suggested.®'® We chose 0.3 because it is
the cut-off proposed by the American College of
Obstetricians and Gynecologists (ACOG)." In term
patients, like those enrolled in this study, the presence
of an elevated urine protein/creatinine in individuals
with elevated blood pressures (but not in the severe
range) would not have altered management. However,
falsely elevated urine protein/creatinine ratio may lead
to unnecessary interventions in future pregnancies. The
U.S. Preventive Services Task Force and ACOG do not
recommend aspirin administration in patients with
a history of gestational hypertension, but they do for
those with a history of preeclampsia.’'”'® Therefore,
a falsely elevated protein/creatinine ratio would prompt
physicians to administer aspirin to patients without addi-
tional risk factors for preeclampsia, such as multifetal
gestation, chronic hypertension, type 1 or 2 diabetes, or
renal disease. Aspirin has proven benefit in the manage-
ment of certain at-risk pregnant populations; however,
some studies have reported an increased frequency on
postpartum hemorrhage with the recommendation of
balancing benefits versus potential higher risk of post-
partum hemorrhage.

After an extensive electronic PUBMED and
MEDLINE literature search for English and Spanish
articles using the Medical Subject Heading (MeSH)

Keywords, Amniotic fluid, protein creatinine ratio, pre-
eclampsia, urine protein, pregnancy, gestational hyper-
tension, we were unable to find any studies directly
addressing the effect on amniotic fluid on protein/crea-
tinine ratio results. As such, to the best of our knowl-
edge, this is at least one of the first if not the only
study conducting a prospective non-interventional
study to prove amniotic fluid affects the accuracy of
the protein/creatinine ratio test.

The most recent study we found assessing protein crea-
tinine ratio results in the pregnant population, investigated
the level of proteinuria in the antepartum and postpartum
period, in both vaginal and cesarean section delivery modes.
This study used a catheter in the same patient for sampling
before and after delivery.'? The fact that our patients served
as their own controls avoided additional confounding vari-
ables. Our study was carried out in a busy community labor
and delivery floor and answers an everyday question in
a common clinical environment.

One of the limitations of our study was the high attrition
rate secondary to inability to void following epidural analge-
sia. In trying to overcome this obstacle, attempts were made
to have the patient void on a bedpan. However, the amount
of urine voided was extremely small, and the specimen
composition was virtually all amniotic fluid. Thus, we aban-
doned bedpan voids in this study. Another limitation is that
we did not have clean catch urine specimens, catheterized
urine specimens, or 24-hr urine protein specimens to com-
pare with our results. The ability to obtain the two data sets
used in this study simultaneously, along with findings from
previous studies that validate the use of random urine speci-
mens justifies the current study design.”'’

This important clinical question should be addressed in
future studies.

Given that our patient population was term pregnancies
either in labor or admitted for induction, the results of this
study can only prove that amniotomy significantly elevates
protein creatinine ratio in this specific group. One could pos-
tulate that this is likely the case in all states of ROM at all
gestational ages, however additional studies would be neces-
sary to prove it.

In conclusion, the present study proved that in patients
at term with ruptured membranes, protein creatinine ratio
was significantly elevated when collected without
a catheter and suggests that in the setting of ruptured
amniotic membranes, the use of a straight or Foley cathe-
ter should be used for sample collection in patients who
need urine protein creatinine ratio determination.
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Precis
Amniotomy results in a false elevation of the protein/

creatinine ratio.
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