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Peripheral Edema, Central Venous Pressure, and Risk of
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Abstract
Background and objectives Although venous congestion has been linked to renal dysfunction in heart failure, its
signiﬁcance in a broader context has not been investigated.
Design, setting, participants, & measurements Using an inception cohort of 12,778 critically ill adult patients
admitted to an urban tertiary medical center between 2001 and 2008, we examined whether the presence of
peripheral edema on admission physical examination was associated with an increased risk of AKI within the
ﬁrst 7 days of critical illness. In addition, in those with admission central venous pressure (CVP) measurements,
we examined the association of CVPs with subsequent AKI. AKI was deﬁned using the Kidney Disease Improving Global Outcomes criteria.
Results Of the 18% (n=2338) of patients with peripheral edema on admission, 27% (n=631) developed AKI,
compared with 16% (n=1713) of those without peripheral edema. In a model that included adjustment for
comorbidities, severity of illness, and the presence of pulmonary edema, peripheral edema was associated with a
30% higher risk of AKI (95% conﬁdence interval [95% CI], 1.15 to 1.46; P,0.001), whereas pulmonary edema
was not signiﬁcantly related to risk. Peripheral edema was also associated with a 13% higher adjusted risk of a
higher AKI stage (95% CI, 1.07 to 1.20; P,0.001). Furthermore, levels of trace, 1+, 2+, and 3+ edema were
associated with 34% (95% CI, 1.10 to 1.65), 17% (95% CI, 0.96 to 1.14), 47% (95% CI, 1.18 to 1.83), and 57% (95% CI,
1.07 to 2.31) higher adjusted risk of AKI, respectively, compared with edema-free patients. In the 4761 patients
with admission CVP measurements, each 1 cm H2O higher CVP was associated with a 2% higher adjusted
risk of AKI (95% CI, 1.00 to 1.03; P=0.02).
Conclusions Venous congestion, as manifested as either peripheral edema or increased CVP, is directly associated
with AKI in critically ill patients. Whether treatment of venous congestion with diuretics can modify this risk will
require further study.
Clin J Am Soc Nephrol 11: 602–608, 2016. doi: 10.2215/CJN.08080715

Introduction
The role of venous congestion as a determinant of
renal function was ﬁrst described almost 85 years
ago. In early physiology experiments on dogs, F. R.
Winton showed that increasing renal venous pressure
decreased both urine and renal arterial ﬂow (1), highlighting the importance of the “trans-renal pressure
gradient,” a balance between mean arterial and venous
pressures (2). More recent clinical data have focused on
venous congestion in heart failure (3), where central
venous pressures (CVP), but not cardiac output or
pulmonary capillary wedge pressures, are associated
with renal dysfunction (4). Consequently, the current
concept of the cardiorenal syndrome, typically used to
describe renal injury in the setting of poor arterial
ﬂow due to left ventricular dysfunction, is being modiﬁed to include venous congestion (5–9) and right ventricular function (10). Whether venous congestion is
similarly associated with poor renal outcomes in other
populations is not known.
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Venous congestion manifests as peripheral edema
on physical examination and by increased CVP.
Although peripheral edema can also be seen in the
setting of mechanical obstruction, it usually reﬂects an
outward hydrostatic pressure that exceeds the inward
oncotic force, resulting in extravasation of intravascular ﬂuid into the interstitial compartments. The
clinical importance of peripheral edema is not well
described, and is typically considered cosmetic and
non-life threatening (11). Given the emerging importance of venous congestion in renal function, we hypothesized that peripheral edema and increased CVP
would be associated with a higher risk of AKI.
Using a large cohort of critically ill patients admitted
to a tertiary medical center, we examined whether the
presence and severity of peripheral edema on the hospital
admission physical examination was associated with AKI
during the ﬁrst 7 days of critical illness. We also examined whether CVP measurements taken on intensive
care unit (ICU) admission were associated with AKI.
www.cjasn.org Vol 11 April, 2016
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Materials and Methods
Study Population
We used the Multiparameter Intelligent Monitoring in
Intensive Care (MIMIC‑II) database, a joint venture managed by the Laboratory for Computational Physiology at
Massachusetts Institute of Technology (MIT) and the Department of Medicine at the Beth Israel Deaconess Medical
Center (BIDMC). MIMIC‑II contains data from 23,455
unique critical care admissions between 2001 and 2008 at
BIDMC, a 700-bed urban academic medical center with 77
adult ICU beds. The database contains high temporal resolution data from clinical systems, including lab results,
electronic documentation, and bedside monitor trends
and waveforms. Use of the MIMIC‑II database has been
approved by the institutional review boards of BIDMC
and MIT. A total of 13,986 patients had complete admission history and physical examination as part of the hospital discharge summary. We excluded 270 prevalent
ESRD patients. Another 930 were missing documentation
of admission laboratory studies, leaving 12,778 unique individuals for primary analysis.
Primary Exposures
In order to describe the effect of venous congestion
independently of pulmonary congestion, we developed a
Natural Language Processing (NLP) code based on standard
clinical descriptors to identify both peripheral edema and
pulmonary edema as documented in the admission physical
examination (Supplemental Table 1). The developed code
was “trained” by manual review of eight sequential sets of
randomly selected discharge summaries, ranging from 50 to
100 in number. Once the code consistently achieved an accuracy rate of .90% (Supplemental Figure 1), all reviewed
discharge summaries were combined, and the code was
tested on 10,000 random resamples (with replacement) of
100 discharge summaries. The histogram of bootstrap accuracy is provided (Supplemental Figure 2). We also examined
severity of peripheral edema, categorizing patients as having
trace, 1+, 2+, and 3+ peripheral edema. We used CVP measurements obtained within 6 hours of ICU admission as a
secondary primary exposure.
Primary Outcomes
The primary outcome was AKI during the ﬁrst 7 days of
ICU care, as deﬁned by either a $0.3 mg/dl increase within
48 hours of admission or a $50% increase within 7 days of
admission, or acute dialysis, in keeping with the Kidney Disease Improving Global Outcomes (KDOQI) guidelines (12).
We also explored the association of peripheral edema with
AKI severity, using deﬁned measures of creatinine increase
within 7 days of ICU admission. Stage I AKI was deﬁned
as a 50% to 100% increase, stage II as a .100% to 200% increase, and stage III as .200% increase, or the initiation of
acute dialysis. Following best practice guidelines, we used the
admission creatinine to deﬁne “baseline” (13). In addition, we
explored the association of peripheral edema with AKI, as
deﬁned by changes in creatinine or urine output, and urine
output alone, in keeping with alternative KDOQI deﬁnitions.
Covariates
Demographic information included age, sex, and race,
coded as white, black, Asian, Hispanic, other, or unknown.
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We identiﬁed congestive heart failure patients through NLP
searching of the past medical history section of the admission
examination or Elixhauser discharge coding (14). We also
used oral diabetes medication or insulin usage, along with
Elixhauser discharge coding, to identify diabetic patients. All
additional 27 Elixhauser discharge coding comorbidities
were included as separate variables. ICU types included cardiac, surgical, cardiothoracic, and medical units. Sequential
Organ Failure Assessment scores were used to indicate severity of illness. Because of the effect of hemodynamics on
renal function, we also included systolic and diastolic BP,
heart rate, and temperature as independent continuous variables. Admission creatinine, deﬁned as the ﬁrst available
creatinine 24 hours prior to, or 6 hours after, ICU admission
was used as a determinant of “baseline” kidney function.
We used NLP searches of prehospital medication lists to
identify angiotensin-converting enzyme inhibitor (ACE-I),
angiotensin receptor blocker (ARB), statin (15), calcium
channel blocker, and diuretic usage.
Analyses
We present descriptive baseline characteristics stratiﬁed
by peripheral edema. We used logistic regression to
examine the association between admission peripheral
edema and the subsequent risk of AKI. We adjusted for age,
gender, race, ICU type, Sequential Organ Failure Assessment score, history of diabetes, congestive heart failure,
hypertension, chronic pulmonary disease, peripheral vascular disease, and 24 additional Elixhauser comorbidities,
admission systolic and diastolic BP, heart rate, temperature,
admission creatinine, and preillness medication usage, including diuretic, ACE-I, ARB, calcium channel blocker, or
statin use. In order to determine the effect of peripheral
edema independently of pulmonary congestion, pulmonary
edema was included as a separate variable in all analyses.
We describe the incidence of AKI severity according to
admission peripheral edema, and used cumulative ordinal
logistic regression to describe the adjusted risk of peripheral
edema with a one-step higher AKI stage using the same
variables as above.
In those patients with quantiﬁable edema, we created
indicator variables for trace, 1+, 2+, and 3+ edema, and used
logistic regression to describe the adjusted risk of peripheral
edema severity with AKI. In these analyses, 462 patients had
peripheral edema that could not be quantiﬁed, and were
excluded. Patients without peripheral edema were considered the reference category. We also describe the incidence of
AKI severity according to peripheral edema severity.
In addition, in those patients with uninterrupted urine
void measurements, we describe the association of peripheral edema with AKI as deﬁned by KDOQI urine guidelines. Because we could not ascertain bladder catherization,
and to avoid misclassiﬁcation due to lack of recorded urine
output in noncatherized patients, we required patients to
have two or more urine output recordings within 9 hours
(the length of a typical nursing shift.) Patients with adjacent urine output recordings .9 hours apart were considered interrupted, and were not included.
In a sensitivity analyses, in those patients with available
creatinine measurements .7 days prior to admission, we
used premorbid creatinine values rather than admission
creatinine to account for “baseline” function in our
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adjusted model. The correlation between premorbid and
admission creatinine values was 0.73 (P,0.001). Given
that we could not distinguish peripheral edema from
lymphedema, a common occurrence with obesity, we
also examined the association of peripheral edema with
AKI in patients with documented admission body mass
indexes (BMI). To explore the association between CVP
and AKI, we examined the association of CVPs obtained
within 6 hours of ICU admission and subsequent AKI. We
used logistic regression, using the same variables as above
except for the substation of CVP for peripheral edema, to
deﬁne the association of CVP with AKI. CVP was deﬁned
continuously and in quartiles. Furthermore, to account for
the effect of hydration status, we included serum sodium
concentrations in adjusted analysis.
We examined whether peripheral edema remained
associated with AKI in patients with and without sepsis,
pulmonary edema, baseline diuretic use, baseline calcium
channel blocker use, and CKD, as deﬁned by an estimated
glomerular ﬁltration rate of #60 ml/min per 1.73 m2
upon ICU admission, as determined by the Modiﬁed
Diet in Renal Disease Study Equation. We individually
tested multiplicative interaction terms between peripheral

edema and these variables in adjusted analysis, and provide graphical representation of the stratiﬁed risks.

Results
Baseline Characteristics
Of 12,778 critically ill patients, 18% (n=2338) had documented peripheral edema on admission. As seen in Table 1,
these patients tended to be older, with a higher prevalence
of diabetes, heart failure, and pulmonary disease, but less
hypertension, than those without peripheral edema, and
tended to have a greater premorbid use of diuretics,
ACE-Is, ARBs, and calcium channel blockers.
Peripheral Edema and AKI
The overall incidence of AKI within 7 days of ICU admission was 18.3% (n=2344), 27.0% (n=631) in those with
peripheral edema, and 16.4% (n=1713) in those without
peripheral edema. In adjusted analysis accounting for
severity of illness (Table 2), comorbidities, premorbid
medication exposure, and admission serum creatinine,
peripheral edema was associated with a 30% higher
risk of AKI occurring within the ﬁrst 7 days of critical

Table 1. Baseline characteristics stratified by peripheral edema

Characteristics
Demographics
Age, mean (SD), years
Female, n (%)
White
Black
Hispanic
Asian
Other
Unknown
Cardiac care unit
Medical care unit
Surgical care unit
Past medical history, n (%)
Diabetes
Peripheral vascular disease
Hypertension
Chronic pulmonary disease
Congestive heart failure
Prior medication use, n (%)
Diuretic
ACE-I
ARB
Calcium channel blocker
Admission characteristics
SOFA
Systolic BP (mmHg)
Diastolic BP (mmHg)
Temperature (°C)
Creatinine (mg/dl)
eGFR,60 ml/min/1.73 m2

With Peripheral
Edema n=2338

Without Peripheral
Edema n=10,440

P value

68.9 (15.1)
1101 (47.0)
1747 (74.7)
176 (7.5)
52 (2.2)
34 (1.5)
40 (1.7)
289 (12.3)
559 (23.9)
921 (39.3)
858 (36.7)

63.2 (17.8)
4416 (42.3)
7515 (71.9)
787 (7.5)
330 (3.2)
262 (2.5)
258 (2.5)
1288 (12.3)
2556 (24.5)
3755 (36.0)
4129 (40.0)

,0.001
0.12
,0.001

902 (38.6)
181 (7.8)
734 (31.4)
518 (22.7)
963 (41.2)

2791 (26.7)
842 (8.5)
3790 (36.3)
1726 (16.5)
2113 (20.3)

,0.001
0.58
,0.001
,0.001
,0.001

1126 (48.2)
684 (29.0)
234 (10.1)
490 (20.9)

2694 (25.8)
2613 (25.1)
707 (6.8)
1648 (15.7)

,0.001
,0.001
,0.001
,0.001

3.4 (2.5)
121.3 (25.1)
61.1 (16.3)
36.5 (1.7)
1.6 (1.4)
1300 (55.6)

2.4 (2.1)
125.7 (24.7)
64.2 (15.9)
36.5 (1.6)
1.3 (1.3)
3604 (34.5)

,0.001
,0.001
,0.001
0.76
,0.001
,0.001

,0.01

Mean (SD) for continuous variables, and within column number (%) provided. ACE-I, angiotensin inhibitor converting enzymeinhibitor; ARB, angiotensin receptor blocker; SOFA, Sequential Organ Failure Assessment. eGFR determined using the Modiﬁed Diet
Renal Disease equation.
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illness (95% conﬁdence interval [95% CI], 1.15 to 1.46;
P,0.001), whereas pulmonary edema was not associated with AKI.
Peripheral edema was also associated with AKI severity.
In those with peripheral edema, 16.4% (n=308), 3.3%
(n=62), and 7.6% (n=143) developed stage I, II, and III
AKI, respectively, compared with 10.6% (n=1107), 2.4%
(n=250), and 3.4% (n=356) in those without peripheral
edema. In adjusted analysis, peripheral edema was associated with a 1.13‑fold (95% CI, 1.07 to 1.20; P,0.001)
higher risk of a higher stage of AKI.
Severity of Peripheral Edema and AKI
Of the 2338 individuals with documented peripheral
edema, 1876 had descriptors that allowed quantiﬁcation
of peripheral edema; 32% (n=603), 36% (n=666), 25%
(n=463), and 8% (n=144) had trace, 1+, 2+, and 3+ peripheral edema respectively, with a 25.0% (n=151), 25.1%
(n=167), 31.5% (n=146), and 34.1% (n=49) incidence of
AKI per increasing edema category, respectively. As
seen in Table 3, compared with those without peripheral
edema, the risk of AKI was higher among patients with
more severe peripheral edema. The incidence of AKI severity according to peripheral edema severity is illustrated in Figure 1.
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Sensitivity Analyses
We identiﬁed 5813 patients with a serum creatinine
measured .7 days prior to ICU admission. Substitution of
this premorbid creatinine rather than admission creatinine to
establish “baseline” renal function did not meaningfully
change the association between admission peripheral edema
and AKI (Odds Ratio [OR] 1.29; 95% CI, 1.10 to 1.51;
P=0.002). Of 8924 patients with uninterrupted urine measurements, AKI by urine output criteria occurred in 47%
(n=4208), with 26% (n=2332) stage I, 18% (n=1647) stage II,
and 3% (n=229) stage III AKI. In adjusted analysis, peripheral edema was associated with an OR of 1.61 (95% CI, 1.43
to 1.82; P,0.001) for AKI by urine criteria. Deﬁning AKI by
either creatinine or urine parameters, peripheral edema was
associated with an OR of 1.50 (95% CI, 1.35 to 1.66;
P,0.001). In 5971 patients with documented admission
BMIs, peripheral edema remained associated with AKI risk
(OR 1.48; 95% CI, 1.29 to 1.72; P,0.001) and a multiplicative
interaction term between BMI and peripheral edema was not
signiﬁcant (P.0.05). Inclusion of admission serum sodium
concentrations did not meaningfully change the results.
To examine whether the peripheral edema remained
associated with AKI across a range of patients, we explored
multiplicative interaction terms between peripheral edema
and sepsis, pulmonary edema, baseline diuretic use, baseline

Table 2. Unadjusted and adjusted determinants of AKI

Characteristics
Age (per 5 years)
Diabetes
Hypertension
SOFA (1 point)
Baseline ACE-I
Baseline diuretic use
Pulmonary edema
Peripheral edema

Unadjusted Odds
Ratio 95% CI
P value

Adjusted Odds
Ratioa 95% CI
P value

1.07
1.06 to 1.09
,0.001
1.49
1.35 to 1.66
,0.001
1.32
1.20 to 1.45
,0.001
1.29
1.27 to 1.32
,0.001
1.27
1.14 to 1.40
,0.001
1.60
1.45 to 1.70
,0.001
1.54
1.34 to 1.68
,0.001
1.88
1.69 to 2.09
,0.001

1.03
1.02 to 1.05
,0.001
1.20
1.07 to 1.33
0.002
1.33
1.19–1.48
,0.001
1.33
1.29 to 1.36
0.001
1.09
0.96 to 1.21
0.19
1.07
0.95 to 1.18
0.40
1.08
0.95 to 1.23
0.22
1.30
1.15 to 1.46
,0.001

95% CI, 95% conﬁdence interval; SOFA, Sequential Organ Failure Assessment; ACE-I, angiotensin inhibitor converting enzymeinhibitor.
a
Adjusted for age, gender, race, intensive care unit type, SOFA, history of diabetes, congestive heart failure, hypertension, chronic
pulmonary disease, peripheral vascular disease, and 24 additional Elixhauser comorbidities, admission vitals (systolic and diastolic BP,
heart rate, temperature), admission creatinine, preillness medication usage (ACE-I, angiotensin receptor blocker, statin, calcium
channel blocker, and diuretics), and pulmonary edema.
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Table 3. Peripheral edema severity and subsequent risk of AKI

Risk

No Edema

Trace Edema

1+ Edema

2+ Edema

3+ Edema

Odds ratio
95% CI
P value

Ref

1.34
1.10 to 1.65
,0.01

1.17
0.96 to 1.14
0.13

1.47
1.18 to 1.8)
,0.001

1.57
1.07 to 2.31
0.02

Odds ratio adjusted for age, gender, race, intensive care unit type, sequential organ failure assessment, history of diabetes, congestive
heart failure, hypertension, chronic pulmonary disease, peripheral vascular disease, and 24 additional Elixhauser comorbidities,
admission vitals (systolic and diastolic BP, heart rate, temperature), admission creatinine, preillness medication usage (angiotensin
inhibitor converting enzyme-inhibitor, angiotensin receptor blocker, statin, calcium channel blocker, and diuretics), and pulmonary
edema. 95% CI, 95% conﬁdence interval.

calcium channel blocker use, and chronic kidney disease,
as deﬁned by an estimated glomerular ﬁltration rate of
#60 ml/min per 1.73 m 2 upon ICU admission. No
multiplicative term was statistically signiﬁcant (all
P values .0.05). Stratiﬁed adjusted analyses are presented
in Figure 2. Across all strata, admission peripheral edema
was associated with an increased risk of AKI.
Association Between CVP and AKI
A total of 4761 patients had a CVP measurement within
6 hours of ICU admission. The incidence of AKI was
higher in those with CVP measurements (23%) compared
with those who did not have CVP measured (12%). As
seen in Table 4, the incidence and risk of AKI was higher
across increasing CVP quartiles. In adjusted analysis, each
1 cm H2O higher CVP was associated with a 1.02 (95% CI,
1.00 to 1.03, P=0.02) risk of AKI. The mean (SD) CVP in
patients with and without peripheral edema was 11.1 (6.1)
and 10.8 (5.0) cm H2O, respectively (P=0.01). In patients
with quantiﬁable peripheral edema who also had a measured CVP (n=4566), the mean (SD) CVP was 10.7 (5.4),
11.5 (5.3), 11.8 (6.2), 11.9 (6.4) and 12.7 (7.3) cm H2O in
those with 0, trace, 1+, 2+, and 3+ peripheral edema respectively (P value for trend 0.01).

Discussion
Our data extend the association of venous congestion
and renal dysfunction to a signiﬁcantly broader pool of

Figure 1. | Incidence of AKI severity according to peripheral edema
severity.

patients. In critically ill patients, the presence and severity
of peripheral edema on admission physical examination is
associated with AKI and AKI severity during the ﬁrst
7 days of critical illness. Increasing admission CVP is likewise associated with AKI risk.
Our ﬁndings add to a growing literature regarding the
importance of venous congestion on renal outcomes (16).
Renal perfusion depends on the balance between arterial
pressure and venous drainage, and early studies highlighted the importance of renal congestion. In one such
early experiment, urine production was reduced upon
raising renal venous pressure to 20 mmHg, and abolished
at pressures .25 mmHg (17). Similarly, extrinsic compression of the renal veins (18) and increased intra-abdominal
pressure impair renal function (19,20), and the abdominal
compartment syndrome is a well-described cause of renal
failure (21), which improves with decompression in some
(22) but not all studies (23).
Because peripheral edema might be a direct consequence
of right ventricular dysfunction, our ﬁndings similarly raise
interest in the possibility of right ventricular function as an
independent determinant of renal function (10). Animal
models of right ventricular dysfunction through graded
pulmonic stenosis show a decrease in renal blood ﬂow
and intense sodium retention (24). Disorders associated
with right ventricular dysfunction, such as obesity, sleep
apnea, and cor pulmonale, are associated with sodium retention and AKI (25–27). Unlike the thick-walled left ventricle, where higher ﬁlling volume leads to improved left
ventricular function, as described by the Frank Starling
mechanism, the thin-walled right ventricle dilates in response to increasing pulmonary pressure, as frequently
occurs with chronic heart failure and primary pulmonary
disease (28,29). Expanding into the pericardial sack and
causing paradoxical septal movement, the failing right
ventricle impinges on the left ventricle, decreasing its compliance and output. In an interesting preliminary study of
patients with acute right ventricular dysfunction due to
pulmonary embolus, diuretic therapy was associated
with better renal function compared with those who received ﬂuid (30), prompting the design of a larger study of
the utility of diuretics in acute right ventricular dysfunction (31). Whether diuretic therapy might improve renal
outcomes in those with more chronic right ventricular dysfunction has not been explored.
Clinical studies support the mechanistic association of
venous congestion with poor renal outcomes. In a study of
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Figure 2. | Forest plot for risk of peripheral edema and AKI per
subgroup. Adjusted for age, gender, race, intensive care unit type,
Sequential Organ Failure Assessment, history of diabetes, congestive
heart failure, hypertension, chronic pulmonary disease, peripheral
vascular disease, and 24 additional Elixhauser comorbidities, admission vitals (systolic and diastolic BP, heart rate, temperature),
admission creatinine, preillness medication usage (angiotensin inhibitor converting enzyme-inhibitor, angiotensin receptor blocker,
statin, calcium channel blocker, and diuretics), and pulmonary
edema (excluded in pulmonary edema stratification). eGFR calculated from admission serum creatinine concentration using the
Modified Diet in Renal Disease equation.

almost 2600 patients undergoing right heart catherization,
higher CVP was associated with signiﬁcantly lower baseline
renal function, as well as reduced survival (32). In hospitalized heart failure patients with hemodynamic measures of
both left and right heart pressures, CVP was the strongest
determinant of worsening renal function (4). Similarly, pulmonary edema was not associated with AKI in our analysis,
although selection bias might account for this observation.
Our study is limited by the inability to characterize the
directionality of association. It is plausible that peripheral
edema reﬂects underlying renal dysfunction not fully
accounted for using serum-based creatinine measurements.
Furthermore, because worsening renal function often
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prompts cessation of diuretics or the administration of
ﬂuid, residual confounding by indication is possible, and
peripheral edema and increased CVP might reﬂect previous
therapeutic responses to renal deterioration. However, in
analysis of those with available baseline creatinine measurements prior to critical illness admission, the association
of peripheral edema with AKI remained robust.
In addition, we could not ascertain the cause of peripheral
edema, which likely includes a range of pathophysiologies,
including undiagnosed systolic and diastolic left heart failure
and primary right-sided heart failure. Thus, residual confounding to the underlying pathophysiologic processes,
rather than ﬂuid accumulation per se, is possible. Given the
difﬁculty in identifying subtle forms of cardiac and pulmonary disease, it is likely that the use of diagnostic codes to
identify disease leads to signiﬁcant misclassiﬁcation. We
therefore used preillness diuretic use to classify patients
with sodium retentive pathophysiology, and found no signiﬁcant effect modiﬁcation. Furthermore, the severity of peripheral edema was likewise associated with AKI and AKI
severity, supporting a dose–response association.
Given that a reduction in CVP, as might occur with
volume depletion or sepsis, is likely also associated with
AKI risk, we could not distinguish between the competing associations of low and high CVP on AKI risk. In
addition, we could not distinguish peripheral edema from
lymphedema, but in analysis of those with documented
BMI, the association of peripheral edema with AKI
remained robust, and the association of peripheral edema
and AKI was not modiﬁed by BMI. In addition, our
analytic techniques did not account for on-study care,
and it is plausible that peripheral edema patients were
more likely to receive potentially nephrotoxic medications, such as diuretics. Finally, although our technique
of using bootstrapping with replacement to validate the
script identiﬁcation could be affected by resubstitution
bias, our accuracy in 88% of individual subsets was close to
90%, suggesting an acceptable approach.
Our data suggests that venous congestion, as indicated
by peripheral edema on physical examination or increased
admission CVP, is associated with an increased risk of AKI.
We cannot conclude whether venous congestion per se causes
AKI, or simply reﬂects an underlying pathophysiology that
is responsible for AKI. Whether restoration of euvolemia

Table 4. Admission central venous pressure and subsequent risk of AKI

Risk
N, % AKI
Odds ratio
95% CI
P value

#7

.7 to #10

.10 to #13

.13

cm/H2O

cm/H2O

cm/H2O

cm/H2O

275 (21)
Ref

275 (22)
1.06
0.86 to 1.29
0.57

227 (23)
1.08
0.87 to 1.29
0.46

312 (26)
1.18
0.96 to 1.33
0.09

Per 1 cm H2O positive
—
1.02
1.00 to 1.03
0.02

Within quartile incidence (%) of AKI provided. Odds ratio adjusted for age, gender, race, intensive care unit type, sequential organ
failure assessment, history of diabetes, congestive heart failure, hypertension, chronic pulmonary disease, peripheral vascular disease,
and 24 additional Elixhauser comorbidities, admission vitals (systolic and diastolic BP, heart rate, temperature), admission creatinine,
preillness medication usage (angiotensin inhibitor converting enzyme-inhibitor, angiotensin receptor blocker, statin, calcium channel
blocker, and diuretics), and pulmonary edema. 95% CI, 95% conﬁdence interval.
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with aggressive diuretic use might mitigate the risk of AKI
will require well-designed studies.
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Supplemental Table I. Terms and strings used to train Natural Language Processing Code to identify
pulmonary and peripheral edema
To identify presence of a
physical examination
To identify the
examination of a
periphery
To identify the absence
of pulmonary edema

To identify the presence
of pulmonary edema
To identify the absence
of peripheral edema

To identify the presence
of peripheral edema

Initial physical exam(ination),Physical exam(ination),Exam (up)on
admission,Exam (up)on presentation,Patient(‘s) exam (up)on
admission/presentation
Ext,Extrem,Extremities,Extremity,Hand(s),Feet,Re,Le,Leg(s),Pedal
No/without/free of/negative pulmonary
edema/crackles/rales,Chest/lung(s)/pulmonary/repiratory clear, clear to
auscultation,BS, breath sounds, lung sounds (equal, clear, decreased,
reduced etc),CTA, CTAB, CTBLA,Breath/respiration (not followed by “rate,”
“per minute,” or any numerical value),Wheeze, wheezing,rhonchi.
chest, lungs, pul, pulm, pulmonary, bibasilar, basilar crackles/rales.
Skin devoid/without edema, extremities without/free of edema, extremities
nonedematous, no extremity/peripheral/pedal, edema/c.c.e, extremities no
edema/c.c.e, without/free of peripheral/extremity/pedal edema/c.c.e.
no/without/free of c.c.e./clubbing, cyanosis, or edema, + DP/PT pulses,
DP/PT pulses intact, +pulses/distals intact/present/equal (not followed by
numerical value), pulses DP/PT +
(Any not previously specified mentions of peripheral, ext, extr, extrem,
extremities, extremity, pedal, feet not preceded by a number)
-extremities with trace/pitting edema,extremities + trace/pitting
edema,hands/feet trace edema,+ rl, le, leg
edema,extremities/pedal/peripheral edema,Anasarca, Re, le edema.

Natural language processing was used to grade admission physical examinations. The first step was to
identify the presence or absence of a physical examination upon admission to the hospital using
discharge summaries. Although the discharge summaries are generated at hospital discharge, they
routinely include the physical examination as performed by the admitting physician. Terms were
generated (see Supplemental Table 1) to identify the presence of an admission examination. The
reasons for missingness of admission physical examinations were not formally studied, but in review of
fifty such discharge summaries, included hospital transfers (where no admission exam was recorded)
and urgent trauma, but in the majority, the absence was inexplicable, and assumed due to oversight.
Amongst these fifty discharge summaries, no physical exam section (missed by the NLP search) was
found.
Then, as a second step, the NLP was used identify the pulmonary exam and periphery exam, using
standard clinical language, and code into the presence or absence of edema. Amongst these, manual
review of multiple subsets showed an accuracy rate of approximately 92%, as outlined in the
Supplemental Figure 1. The majority of errors occurred due to failure of the code to identify the

particular aspect of the exam, with less than 5% error due to misclassification. The reviewed datasets
were driven by NLP identification of the exam section, and not by keywords to describe pulmonary or
peripheral edema. Thus, error due to missingness is possible, but misclassification is less of a concern.
Similarly NLP was used to identify the admission medication section to define premorbid medication
usage, as has been done and validated in previous studies(1). Once the admission medication section is
identified, the NLP achieves a near 100% accuracy in identifying certain meds, since is reasonably easy to
give a list of medication names (and near spellings). In our initial coding of the diuretics, we evaluated
for all commercially available diuretics. Of interest, in our cohort, 18% were on loop diuretics, 9% on
thiazide, 1% on K sparing (aldactone) and few very on carobonic anhydrase inhibitors or osmotic agents
(<1%). For the sake of this study, we coded diuretics simply as a binary variable.

1.

Danziger J, William JH, Scott DJ, Lee J, Lehman LW, Mark RG, et al. Proton-pump inhibitor use is
associated with low serum magnesium concentrations. Kidney Int. 2013;83(4):692-9.

Supplementary Figure 1. Accuracy of Natural Language Processing of the admission physical
examination section of discharge summaries.

Supplemental Figure 2. Histogram of NLP accuracy

