Peritoneal Dialysis International, Vol. 32, pp. 531-536
doi: 10.3747/pdi.2010.00250

0896-8608/12 $3.00 +.00
Copyright © 2012 International Society for Peritoneal Dialysis

PULMONARY CONGESTION AND PHYSICAL FUNCTIONING IN
PERITONEAL DIALYSIS PATIENTS

Giuseppe Enia,»2 Rocco Tripepi,? Vincenzo Panuccio,'? Claudia Torino,? Maurizio Garozzo,?
Giovanni Giorgio Battaglia,® and Carmine Zoccali'?

Nephrology, Dialysis, Hypertension and Renal Transplantation Unit,* Azienda Ospedaliera, Reggio Calabria;
CNR-IBIM Clinical Epidemiology and Physiopathology of Renal Diseases and Hypertension,?
Reggio Calabria; and Renal Unit,? Ospedale Santa Marta e Santa Venera, Acireale, Italy

¢ Purpose: Decline in physical function is commonly ob-
served in patients with kidney failure on dialysis. Whether
lung congestion, a predictable consequence of cardiomyo-
pathy and fluid overload, may contribute to the low physical
functioning of these patients has not been investigated.

¢ Methods: In 51 peritoneal dialysis (PD) patients, we
investigated the cross-sectional association between the
physical functioning scale of the Kidney Disease Quality of
Life Short Form (KDQOL-SF: Rand Corporation, Santa Monica,
CA, USA) and an ultrasonographic measure of lung water
recently validated in dialysis patients. The relationship
between physical functioning and lung water was also ana-
lyzed taking into account the severity of dyspnea measured
using the New York Heart Association (NYHA) classification
currently used to grade the severity of heart failure.

¢ Results: Evidence of moderate-to-severe lung conges-
tion was evident in 20 patients, and this alteration was
asymptomatic (that is, NHYHA class I) in 11 patients
(55%). On univariate analysis, physical functioning
was inversely associated with lung water (r = -0.48, p <
0.001), age (r=-0.44, p=0.001), previous cardiovascular
events (r =-0.46, p = 0.001), and fibrinogen (r = -0.34,
p = 0.02). Physical functioning was directly associated
with blood pressure, the strongest association being with
diastolic blood pressure (r = 0.38, p = 0.006). The NYHA
class correlated inversely with physical functioning (r =
-0.51, p<0.001). In multiple regression analysis, only lung
water and fibrinogen remained independent correlates of
physical functioning. The NYHA class failed to maintain its
independent association.

¢ Conclusions: This cross-sectional study supports the
hypothesis that symptomatic and asymptomatic lung con-
gestionis a relevant factor in the poor physical functioning
of patients on PD.

Correspondence to: G. Enia, Unita Operativa di Nefrologia
Dialisi e Trapianto Azienda Ospedaliera and CNR IBIM, via
Vallone Petrara, Reggio Calabria 89124 Italy.

enial951@gmail.com

Received 1 October 2011; accepted 14 December 2011

Perit Dial Int 2012; 32(5):531-536 www.PDIConnect.com
epub ahead of print: 01 Sep 2012 doi:10.3747/pdi.2010.00250

KEY WORDS: KDQOL-SF; physical functioning; lung
comets; NYHA class.

Decﬁne in physical function is commonly observed in
patients with chronic kidney disease on dialysis (CKD-
5D). Anemia, mineral and bone disorders, inflammation-
muscularwasting complex, cardiomyopathy, neuropathy, and
depression (conditions that all frequently occur in CKD-5D
patients) may be involved in the pathogenesis of weakness
and impaired physical health in this population (1-3).

Fluid overload is highly prevalent in CKD-5D (4-6),
and pulmonary congestion is the most concerning
consequence of volume excess (7). However, whether
lung congestion may contribute to the low physical
functioning of CKD-5D patients—an obvious possibility
in a population with an exceedingly high cardiovascular
burden—has not been studied.

With that background in mind, we investigated the
relationship between pulmonary congestion and physical
functioning in peritoneal dialysis (PD) patients, a cat-
egory of patients at risk for volume excess when diuresis
is minimal or exhausted (6). Because cardiomyopathy
per se may lead to fluid accumulation in the lung, the
relationship between physical functioning and lung water
was also analyzed, taking into account the severity of
dyspnea measured using the New York Heart Association
(NYHA) classification currently used to grade the severity
of heart failure.

METHODS

The study protocol conformed to the Declaration of
Helsinki and was approved by the local ethics committee.
All patients provided informed consent.
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STUDY POPULATION

Patients treated in two renal units (Reggio Calabria
and Acireale, Catania, Italy) were enrolled if they had
been on PD for more than 6 months. Other criteria for
enrolment included freedom from peritonitis for at
least 3 months, no intercurrent acute illness, and no
neurologic or orthopedic disease potentially impairing
physical activity.

The 51 patients who met the criteria represented about
90% of the entire PD population from the two units. Of
those 51 patients, 40 were on continuous ambulatory
PD, and 11 were on automated PD. Dialysis prescriptions
aimed at obtaining a weekly total Kt/V of at least 1.8. In
23 patients, 1 daily bag contained an icodextrin solu-
tion (7.5 g/dL). The median duration of PD treatment
in the group was 27 months (interquartile range: 9 - 47
months). The median residual diuresis by 24-hour urine
collection was 400 mL (interquartile range: 0 - 925 mL).
The cause of chronic renal disease was glomerulonephri-
tis in 13 patients, nephroangiosclerosisin 11, unknown
in 10, tubulointerstitial nephritis in 8, and polycystic
kidney in 3. Six patients had diabetic nephropathy, but
diabetes as a comorbidity was present in 8 additional
patients. Two patients had mild chronic obstructive
pulmonary disease.

MEASUREMENTS OF PHYSICAL FUNCTION

We used the physical functioning scale of the Kidney
Disease Quality of Life Short Form (KDQOL-SF: Rand Cor-
poration, Santa Monica, CA, USA), which has specifically
been validated on CKD patients in its Italian translation
(8). This 10-question scale captures abilities to deal with
the physical requirements of life, such as attending to
personal needs and walking. Forthe analysis, we used the
raw scores, which can range from 30 (no limitation atall
in the activities) to 10 (greatly limited in the activities).
The questionnaire was self administered by most pa-
tients. In a few cases, patients were helped by nurses.

In a group of 19 patients, physical activity was also
evaluated using a pedometer. Patients were asked to
wear the Omron Walking Style II step counter (Omron
Healthcare Europe, Hoofddorp, Netherlands) for 3 days.
The mean daily value of the reading across the 3 days was
used in the analysis.

LUNG WATER EVALUATION

Lung water was estimated by ultrasonography of the
chest (9). We described the techniquein detailand tested
its validity in hemodialysis patients (7). The rational of
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the methodis that, in the presence of extravascular lung
water, the ultrasound beam finds subpleuralinterlobular
septa thickened by edema. The reflection of the beam
generates comet-tail reverberation artifacts, called
“B lines” or “ultrasound lung comets.” The sum of lung
comets observed in well-identified chest areas produces
a score reflecting the extent of lung water accumulation
(0 being no detectable lung comets).

Astandard 3.0-MHz echocardiography probe was used.
As previously described (7), ultrasonography of the an-
terior and lateral chest was performed on the right and
left hemithorax from the second to the fourth (and, on
the right side, to the fifth) intercostal space, and from
the parasternal to the axillary line. One of three sever-
ity classes of lung congestion was assigned as described
elsewhere (7): Patients with a lung comets score of 15 -
30 were considered to have moderate lung congestion,
and those with a score exceeding 30 were considered to
have severe congestion.

One operator was responsible for lung comets deter-
mination at each center. In a previous paper, the inter-
operator reproducibility of a lung comets determination
was found to be excellent after formal training (7). The
sonographeratthe second nephrology unit participating
in the present study was originally trained at CNR-IBIM,
and his performance was scored as good by the trainer.

Lung water and physical functioning were assessed
on the same day.

NYHA SCORE

Patients were allocated to one of four dyspnea classes
according to their NYHA classification. In CKD-5D pa-
tients, NYHA classis a strong predictor of mortality, with
reasonable agreement between assessors (10).

LABORATORY METHODS

Plasma fibrinogen, serum albumin, and C-reactive pro-
tein were determined by routine autoanalyzer methods.

STATISTICAL ANALYSIS

Data are presented as mean + standard deviation, me-
dianandinterquartile range, or frequencies. Comparisons
between groups were made using t-test, Mann-Whitney
test, or chi-square test, as appropriate. Non-normally
distributed variables were log-transformed before
being compared.

The association between lung comets and physical
functioning assessed using the KDQOL-SF was analyzed
using single and multiple ordinal regression analyses,
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adjusting for factors associated (p < 0.05) with physical
activity and lung comets on univariate analysis.

All calculations were performed using a standard
statistical package (SPSS for Windows: SPSS, Chicago,
IL, USA).

RESULTS

The median physical functioning score on the KDQOL-
SF was 20 (interquartile range: 15 - 25), and most of
the patients (n = 41, 80%) scored lower than a normal
Italian population of similar age. Table 1 shows the main
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baseline characteristics of the patients grouped by physi-
cal functioning score (<20 vs >20). The table also lists
the correlation coefficients of the relations between
the variables.

Patients in the lower-score category were older and
more frequently had a history of cardiovascular events,
lower blood pressure (BP), higher serum fibrinogen, and
lower serum ferritin and phosphate. The lung comets
score was markedly higher in patients with lower physi-
calactivity (Table 1), and lung comets were strongly and
inversely (r = -0.48, p < 0.001) related with physical
functioning [Figure 1(A)]. Physical functioning was also

TABLE 1
Main Demographic, Clinical, and Biochemical Data® for the Study Patients
KDQOL-SF® score (physical functioning) rValued
<20 >20 p Value® (p Value)

Patients (n) 30 21 — —
Mean age (years) 67+13 55+11 0.001 -0.44 (0.001)
Male sex (%) 47 52 0.69 -0.03 (0.81)
Smoking (%) 63 43 0.15 ~0.10 (0.50)
Diabetes (%) 30 24 0.63 0.03 (0.84)
Previous CV events® (%) 63 35 0.05 -0.46 (0.001)
Treated with anti-HTNs (%) 77 91 0.20 0.22(0.13)
Treated with diuretics (%) 53 48 0.69 -0.10 (0.49)
Treated with ESAs (%) 67 62 0.73 0.08 (0.59)
Systolic BP (mmHg) 122422 135+22 0.06 0.30 (0.03)
Diastolic BP (mmHg) 67+11 7712 0.005 0.38 (0.006)
Body mass index (kg/m?) 28.1+4.5 27.4+4.8 0.58 -0.09 (0.55)
Hemoglobin (g/dL) 12.0+1.3 11.6+1.1 0.26 -0.11 (0.43)
Serum ferritin (ng/mL) 110 (63-239) 201 (102-440) 0.05 0.03 (0.86)
Calcium (mmol/L) 4.4+0.5 4.7+0.4 0.08 0.22 (0.12)
Phosphate (mg/dL) 4.5+0.9 5.2+1.2 0.05 0.23(0.11)
Serum albumin (g/dL) 3.840.5 4.1£0.5 0.07 0.16 (0.28)
Fibrinogen (mg/dL) 586+178 4824134 0.02 -0.34 (0.02)
(-Reactive protein (mg/L) 7.4 (1.7-10.5) 3.3(2.8-6.1) 0.27 -0.04 (0.77)
Daily residual diuresis (mL) 150 (0-900) 600 (300-1100) 0.12 0.11 (0.50)
Lung comets score (n) 19 (9-50) 5(3-12) 0.001 -0.48 (<0.001)
NYHA class (%) 0.002 -0.51 (<0.001)

I 37 90

II 33 5

I 13 5

v 17 0

CV = cardiovascular; HTN = hypertensives; ESAs = erythropoiesis-stimulating agents; BP = blood pressure; NYHA = New York Heart

Association.

2 Expressed as mean + standard deviation, median and interquartile range, or frequency percentage, as appropriate.

b Kidney Disease Quality of Life Short Form: Rand Corporation, Santa Monica, CA, USA.

¢ For differences between the groups. Boldface type indicates significant differences.

d The Pearson correlation coefficient between the KDQOL-SF physical functioning score and the specific variable. Boldface type

indicates significant correlations.

® Myocardial infarction, angina, stroke, transient ischemic attack, decompensated heart failure, peripheral vascular disease,

arrhythmias.
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Figure 1 — Relationship of lung comets score with physical functioning in (A) all patients, and (B) patients scored as New York

Heart Association class I.

TABLE 2
Multiple Ordinal Regression Analysis? of KDQOL-SF?
(Physical Functioning) Data

Regression
Standard Wald p

Variable Coefficient error statistic Value
Lung comets score -0.737 0.256 8.32 0.004
Fibrinogen -0.004 0.002 6.58 0.01
Number of previous
CV events -0.575 0.320 3.22 0.07
Diastolic blood pressure  0.027  0.026  1.16 0.28
Age -0.017 0.023 0.51 0.47
NYHA class -0.325 0.370 0.77 0.38

CV = cardiovascular; NYHA = New York Heart Association.

2 Boldface type indicates significant correlations.

b Kidney Disease Quality of Life Short Form: Rand Corporation,
Santa Monica, CA, USA.

inversely associated with age (r=-0.44, p=0.001) and
fibrinogen (r=-0.34, p=0.02), and directly associated
with BP (systolic BP: r=0.30, p = 0.03; diastolic BP: r=
0.38, p=0.006). Notably, poor physical functioning ac-
companied background cardiovascular events (r=-0.46,
p=0.001).

The NYHA classification was class I in 30 patients
(58.8%); class ITin 11 (21.6%); and classes Il and IVin
5 (9.8%). The NYHA class was strongly and inversely as-
sociated with physical functioning (r=-0.51, p <0.001,
Table 1).

In the multiple regression model, only lung comets
and fibrinogen remained as independent correlates of
physical functioning (Table 2); NYHA class was no longer
asignificant correlatein that model (Table 2). In patients
without dyspnea (n = 30, NYHA class I), moderate-to-
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Figure 2 — Relationship between lung comets score and
daily walking.

severe lung congestion was observed in 11 (37%), and
lung comets score was strongly associated with physical
functioning [r=-0.53, p=0.003, Figure 1(B)].

In the 19 patients whose actual physical activity was
determined by a count of daily steps, the correlation
between lung comets and this objective measurement of
physical functioning was strong and inverse (r=-0.60,
p = 0.007, Figure 2). The agreement between physical
activity by KDQOL-SF and by step counter was excellent,
as shown by regression analysis (r = 0.61, p = 0.006,
Figure 3).

DISCUSSION

Our observations support the hypothesis that lung
congestion is a relevant factor in the poor physical
functioning of CKD-5D patients. The strong association
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Figure 3 — Relationship between Kidney Disease Quality of
Life Short Form [physical functioning scale (KDQOL-SF: Rand
Corporation, Santa Monica, CA, USA)] and daily walking.

between lung water and physical functioning was ob-
served in both symptomatic and asymptomatic (that is,
NHYA class I) patients, the latter representing the greater
proportion (59%) of the population studied.

In our survey, physical functioning was estimated by
the well-validated KDQOL-SF physical functioning scale
(8), and lung water was evaluated by ultrasonography
(applied for the first time in a PD population). Chest
ultrasonography has previously been applied in patients
with congestive heart failure and allows for the direct
quantification of water accumulating in the lung inter-
stitium (9). The technique was recently validated by our
group in hemodialysis patients (7).

The main finding of our study is the strong link
between physicalfunctioningand pulmonary congestion.
Remarkably, almost one quarter (23%) of the variance
in physicalfunctioning was explained by the simultaneous
variability in lung water, a relationship which, on
multivariate analysis, proved to be independent of
dyspnea (as assessed by NYHA class), anemia, and other
factors commonly related to poor physical functioningin
patients with kidney failure. That observation generates
the hypothesis that interventions aimed at reducing
asymptomatic lung congestion may translate into
improved physical functioningin PD patients. Theissueis
of relevance because, in line with previous studies (11),
we found that physical activity was impaired in about
80% of patients compared with a normal population of
similar age. As expected, other factors were associated
with physical functioning. For instance, decline in
physical functioning is a feature of normal aging. The
process is accentuated by comorbidities that often
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accompany aging, and as expected, such an association
was confirmed in our PD cohort.

Inthe present study low blood pressure was one of the
strongest correlates of reduced physical functioning, a
phenomenon likely reflecting impaired myocardial per-
formance and pump failure. On the other hand, physical
functioning assessed by the KDQOL-SF was independent
of hemoglobin, a parameter considered a fundamental
determinant of physical health. We believe that, in the
context of the present survey, the lack of an association
between hemoglobin and physical functioning reflects
the fact that anemia was adequately treated in most
patients (in 84%, hemoglobin was >10.5 g/dL).

As to markers of protein—-energy wasting and inflam-
mation, we found no association for KDQOL-SF score
with albumin and C-reactive protein, but we did observe
a strong and independent association of physical func-
tioning with serum fibrinogen, an established biomarker
of inflammation and high risk for death in patients with
end-stage renal disease, including those on continuous
ambulatory PD (12-14). Although this association can-
not be interpreted as causal, it is intriguing, in that it
accords with the notion that fibrinogen synthesisis also
increased in response to volume expansion in dialysis
patients (14-16).

Our study has limitations. First, the sample size was
relatively small. Furthermore, the cross-sectional design
prevents the possibility of making a causalinterpretation
of the findings. The analysis was based on a single mea-
surementand does notaccount for prescription changes.
Another limitation is the use of a self-reported scale of
physical activity. However, the perception by patients of
their physical functioning is one of the most important
aspects of quality of life, and in a subset of patients,
we found that physical functioning measured using
the KDQOL-SF showed excellent agreement with actual
physical activity measured using a step counter. Finally,
another aspect that might limit the applicability of our
datato the greater PD population is the method used for
the lung water estimate. Itis well known that echocardio-
graphictechniques are mainly qualitative and depend on
the sonographer’s skills. However, the technique of lung
ultrasonography has previously been studied in patients
with heart disease and found to require a short learning
curve and to be reliable even in the hands of beginners
using a low-technology apparatus (17). Moreover, we pre-
viously validated chest ultrasonographyin CKD patients
on hemodialysis, showing that, in that population also,
inter-operator reproducibility is excellent after a short
training period (7).

Reduced physical functioning in patients with kidney
failure is often considered an inexorable consequence
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of uremia, and efforts toward improving this alteration
(which has a high impact on quality of life) are often
laxly pursued by renal physicians. Hidden pulmonary
congestion secondary to volume overload or left ven-
tricular disorders (or both) is a potential cause of reduced
physical functioning and a modifiable risk factor in this
population. The lack of reliable noninvasive measures
of lung water is probably an important factor explain-
ing clinical inertia in tackling pulmonary congestion in
dialysis patients. Our observations may provide a solid
basis for furthering research aimed at targeting asymp-
tomatic lung congestion in PD patients.

CONCLUSIONS

Our study supports the hypothesis that lung conges-
tion is a major factor implicated in the poor physical
functioning of patients with end-stage renal disease on
PD even before the appearance of clinically detectable
dyspnea. Because lung congestion is a modifiable fac-
tor, intervention studies are warranted to definitively
test this hypothesis and to lay appropriate groundwork
before chest ultrasonography can be recommended as a
tool for routine assessment of PD patients.
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