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Abstract

Background The aim of this study was to investigate the
association between the occurrence of acute kidney injury
(AKI) according to pediatric RIFLE (pRIFLE) criteria and
adverse outcomes in children after heart surgery.

Methods Children undergoing heart surgery in a tertiary
hospital in Southern Brazil were followed during their stay
in the pediatric intensive care unit (PICU) or until death. The
exposure variable was occurrence of AKI according to
pRIFLE criteria which place AKI in three categories: R
(risk), I (injury), and F (failure). The outcomes studied were
death, length of mechanical ventilation (MV), and length of
PICU stay.

Results Eighty-five children were enrolled in the study. Of
these, 47 (55.3 %) did not have AKI, while 22 (25.9 %),
seven (8.2 %), and nine (10.6 %) were classified into pRI-
FLE categories R, I, and F, respectively. The incidence of
death was 18.4 and 4.2 % in patients with and without AKI,
respectively. Compared to children who did not develop
AKI, the adjusted odds ratio for death was 1.05 [95 %
confidence interval (CI) 0.09-11.11], 8.36 (95 % CI 1.32—
52.63), and 7.85 (95 % CI 1.53-40.29) in the R, I, and F
groups, respectively (p=0.022). Duration of MV and of
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Introduction

Acute kidney injury (AKI) is common in critically ill
patients hospitalized in intensive care units (ICUs). Over
the years, the association between AKI and mortality in
these patients has become evident. However, until recently,
there were multiple definitions of AKI, which made it dif-
ficult to compare results between different studies. The
RIFLE criteria were published in 2004, and since this time
these criteria have been used to define and stage AKI in
most studies [1].

Studies have demonstrated an association between AKI
defined by the RIFLE criteria and morbidity and mortality in
hospitalized and critically ill patients. Patients who meet the
RIFLE criteria of AKI have been shown to need longer
periods of both mechanical ventilation (MV) and hospital
and ICU stay. Therefore, a diagnosis of AKI based on the
RIFLE criteria is an independent predictor of morbidity and
mortality. To date, most of such studies have involved adult
patients, and little data are currently available on children
[2-7].

In 2007, Akcan-Arikan et al. proposed an adaptation of
the RIFLE criteria for children, the “modified pediatric
RIFLE criteria” (pRIFLE) (Table 1), which has been shown
to be a good predictor of pediatric ICU (PICU) length of
stay and hospital mortality [8].
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Table 1 Acute kidney injury classification using three pRIFLE
criteria®

pRIFLE category  Urinary output Estimated GFR

R <0.5 ml/kg/h for 8 h GFR decrease by 25 %
I <0.5 ml/kg/h for 16 h  GFR decrease by 50 %
F <0.5 ml/kg/h for 24 h  GFR decrease by 75 %

or anuric for 12 h or <35 ml/min/1.73 m?

GFR, Glomerular filtration rate

#pRIFLE criteria are criteria used to predict the prognosis and severity
of pediatric (p) acute kidney injury: R, risk; I, injury; F, function; L,
loss; E, end-stage renal disease (ESRD)

After undergoing heart surgery, children are at high risk for
AKI because they are frequently exposed to cardiopulmonary
bypass (CPB) and nephrotoxic drugs and may develop low
cardiac output syndrome [9—16]. However, few data on the
incidence of AKI according to the pRIFLE criteria are cur-
rently available on those children [17-20]. In all such studies
performed to date, only the glomerular filtration rate criteria
were used to classify patients according to pRIFLE. The aim
of'this study was to describe the incidence of AKI according to
pRIFLE criteria in children after heart surgery and to investi-
gate its impact on morbidity and mortality. The hypothesis
was that the occurrence of AKI would have a negative impact
on the duration of both MV and stay in the PICU.

Materials and methods
Settings

This was a prospective cohort study conducted in a PICU in
Southern Brazil from August 2011 to March 2012. The
PICU is a 30-bed unit at a tertiary medical referral center
specialized in the management of children with heart dis-
eases, as well as nephrologic, neurologic, gastroenterologic,
orthopedic, and non-surgical conditions. Per year, approxi-
mately 1,500 children are admitted and 300 heart surgeries
are performed. This PICU is also a medical training center
for doctors specializing in pediatric intensive care.

Population and exclusion criteria

Children up to 18 years of age who had been admitted to the
PICU for recovery after open heart surgery were eligible for
enrolment in the study. Patients were excluded if they had
chronic renal failure, were undergoing dialysis treatment, or
were renal transplant patients. Children under 1 month of
age were also excluded because the pRIFLE criteria have
not been validated in this age group.

The study was approved by the Ethics Committee of the
Santo Anténio Children’s Hospital. Parents or caregivers
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signed the Free and Clarified Consent form agreeing to the
participation of their child in the study.

Analyzed variables

The exposure of interest was the occurrence of AKI accord-
ing to pRIFLE criteria that classifies patients into three
categories: R—Risk for acute kidney injury; I—acute kid-
ney Injury; F—acute renal Failure [8]. Children included in
any one of these categories were compared to the group of
children who did not develop AKI.

To classify patients according to the pRIFLE criteria, we
collected data on urinary output and serum creatinine. The
GFR was estimated using the Schwartz formula [21]. The
serum creatinine concentration was determined using a stan-
dard protocol which included one measurement on the day
before the surgery and at least one measurement on the first
and second days after surgery. Additional measurements of
serum creatinine were undertaken as needed according to
the decision of the medical team.

When the serum creatinine prior to admission to the PICU
was unavailable, we assumed that the glomerular filtration rate
(GFR) was 120 ml/min/1.73 m? for children older than 1 year,
90 ml/min/1.73 m? for children between 8 weeks and 1 year of
age, and 60 ml/min/1.73 m? for children between 4 and
8 weeks of age [22]. The highest serum creatinine concentra-
tion identified during the entire length of stay in the PICU was
used to classify patients according to the pRIFLE criteria.

Collected demographic data included sex, age, stature,
heart disease, and presence of comorbidity. Other variables
collected were classification according to the RACHS-1
score [23] and the Pediatric Index of Mortality 2 (PIM2)
upon arrival in the PICU [24], which were used to rank the
urgency of the surgery, CPB time, occurrence of confirmed
or suspected sepsis [25], occurrence of pulmonary hyper-
tension, occurrence of other organ dysfunctions [26], sys-
tolic and mean blood pressure at 3, 6, 12 and 24 h after
surgery, use of potentially nephrotoxic drugs (antibiotics
and angiotensin-converting enzyme inhibitors), need for
cardiac catheterization, and need of dialysis therapy. Dialy-
sis was indicated when patients had clinical signs of con-
gestion and/or metabolic abnormalities associated to renal
dysfunction.

Outcomes

Studied outcomes were occurrence of death during PICU
stay and duration of MV and PICU stay.

Sample size

To detect a difference of 48 h in mean length of PICU stayj, it
was necessary to enroll 74 patients in order to estimate a
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standard deviation for the mean of 72 h in the exposed and
the unexposed group, with & = 0.05 and 3 = 0.2. The
required sample size was calculated using WinPepi ver.
11.18.

Analysis

A descriptive analysis was first made. Associations between
independent variables and categorical outcomes were stud-
ied using the chi-squared test. The Kruskal-Wallis and
Mann—Whitney tests were used for the analysis of non-
parametric continuous outcomes. The odds ratio (OR) for
death between the exposed and unexposed groups was cal-
culated using logistic regression. Control for the PIM2 score
was done using Poisson regression. The crude analysis for
duration of MV and PICU stay for the patients assigned to
the different pRIFLE categories was conducted using the
Kruskal-Wallis test. Multivariable analysis of duration of
MYV and PICU stay were done with analysis of variance
(ANOVA) after logarithmic transformation, since these var-
iables were non-parametrical. The multivariable analysis
included sex, age, number of organ dysfunctions, occur-
rence of pulmonary hypertension, and occurrence of sus-
pected or confirmed sepsis. Following the analysis, an
anti-logarithmic transformation was done to simplify the
presentation of data.

Results

A total of 85 patients were enrolled in the study. Of these, 38
(45 %) developed AKI according to the pRIFLE criteria,
with 22 (26 %), seven (8 %), and nine (10.5 %) patients
classified in the R, I, and F groups, respectively (Fig. 1). Ten
patients did not have a baseline measure of creatinine prior
to PICU admission. Of these, seven developed AKI (3 in the
R group, 1 in the I group, and 3 in the F group). Six patients

85
patients
1
1 1
38 (45%)
47 (55%)
PRIFLE - PRIFLE
[ I I 1
2 died 2O80 N f7a8% 1] | 2 AP
[ [ [
1 died 3 died 3 died

Fig. 1 Incidence of acute kidney injury (AKI) according to pRIFLE
criteria and number of deaths on each category. For definition of
pRIFLE categories, see footnote to Table 1. pRIFLE— No AKI, pRI-
FLE+ occurrence of AKI, R risk, / injury, F failure

required peritoneal dialysis (one classified in the I group and
the others in the F group).

Patients were classified according to pRIFLE if at least one
of'the criteria was met (decrease in urine output and/or decrease
in GFR). Figure 2 shows which criteria were met so that
patients would be classified in the different pRIFLE categories.
Of the 38 patients who had AKI, 24 (63 %) achieved their
maximum pRIFLE category within 72 h after surgery, 30
(79 %) within 5 days, and 34 (89 %) within one week.

Most patients (57.6 %) were male, and the incidence of
AKI was significantly higher in male than in female patients
(55 vs. 30 %; p=0.025) (Table 2). The median age of the
patients was 11 months [interquartile range 25th and 75th
percentile (IQR) 5-51 months] and was significantly lower in
children who developed AKI than in those who did not [9 (IQR
3-27) vs. 21 (IQR 6-78) months, respectively; p=0.027].

Only two patients were classified as RACHS-1 class >4.
The surgery was corrective in 87 % of the children, and
70.5 % had no comorbidities. There was no difference in the
incidence of AKI according to presence of comorbidities
and type of surgery.

Nine of the 85 patients (10.5 %) died during the stay in
the PICU, of whom two belonged to the group of 47 chil-
dren (4.2 %) who did not develop AKI and seven belonged
to the group of 38 children (18.4 %) who presented AKI. Of
the 15 patients who developed AKI by meeting only the
urine output criterion, none died. Among the six patients
who required dialysis, four died.

Table 3 shows the odds ratio for death during the stay in
the PICU. Mortality was higher in those classified in the I
and F groups (adjusted OR 8.0), compared to those without
AKI. After adjustment for risk of death according to PIM2,
the difference remained statistically significant.

Median duration of MV and PICU stay were 8.5 (IQR 2.5—
241.5) and 99.5 (IQR 60-385.5) hours, respectively. The
median duration of MV and PICU stay for patients classified
in each pRIFLE category and for patients without AKI are
shown in Table 4. The results show that the higher the degree
of AKI, the longer the duration of MV and PICU stay.

22 R 71 9F
H 7GFR H S5GFR H S5GFR
< 14UO H 1UO H 0UO
1 GFR + || 1GFR+ | | 4GFR+
uo uo uo

Fig. 2 Fulfilled criteria for classification according to pRIFLE. GFR
GFR decrease, UO decrease in urinary output
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Table 2 Demographic and clin-
ical characteristics of patient
cohort

AKI, Acute kidney injury;
PIM2, Pediatric Index of
Mortality 2; RACHS-1, Risk
Adjustment in Congenital
Heart Surgery; CPB,
cardiopulmonary bypass

Data are presented as the median
with the interquartile range

25th and 75th percentile (IQR)
given in parenthesis, or as the
mean with the 95 % confidence
interval (95 % CI) given in
parenthesis

“Patient was diagnosed with AKI
if he/she were classified as R, 1,
or F according to pRIFLE
criteria (see Table 1)

Demographic and
clinical characteristics

Acute kidney injury category®

Non-AKI patients AKI patients p
Sex 0.025
Female 25 (69.4) 11 (30.6)
Male 22 (44.9) 27 (55.1)
Age (months) 21.5 (6-78.7) 9 (3-27) 0.027
PIM2 category 0.368
<l 6 (50.0) 6 (50.0)
1.01-5 37 (59.7) 25 (40.3)
5.01-15 3 (42.9) 4(57.1)
>15 1 (25.0) 3 (75.0)
RACHS-1 category 0.223
1 13 (65) 7 (35)
2 23 (53.5) 20 (46.5)
3 11 (55) 9 (45)
>4 0 2 (100)
Comorbidity 0.933
No 33 (55) 27 (45)
Yes 14 (56) 11 (44)
Type of surgery 0.482
Corrective 42 (56.8) 32 (43.2)
Palliative 5 (45.5) 6 (54.5)
CPB time (min) 42.2 (33.9-50.5) 71.7 (55.8-87.6) 0.001
Organ failure (n) 0.000
0 19 (76) 6 (24)
1 14 (73.7) 5(26.3)
2 14 (37.8) 23 (62.2)
>3 0 (0) 4 (100)
Pulmonary hypertension 0.115
No 38 (60.3) 25 (39.7)
Yes 9 (40.9) 13 (59.1)
Heart catheterization 0.023
No 46 (59) 32 (41)
Yes 1(14.3) 6 (85.7)
Sepsis 0.001
No 36 (69.2) 16 (30.8)
Yes 11 (33.3) 22 (66.7)
Need for re-intervention 0.048
No 46 (58.2) 33 (41.8)
Yes 1(16.7) 5(83.3)
Nephrotoxic drugs 0.001
No 36 (69.2) 16 (30.8)
Yes 11 (33.3) 22 (66.7)
Death 2(4.2) 7 (18.4) 0.035

Table 5 shows the adjusted analysis of the duration of
MYV and PICU stay for the AKI groups. AKI was associated
with a significantly longer duration of MV and PICU stay.

Adjusted analysis for duration of MV showed a regres-
sion coefficient (95 % CI) for the R, I and F groups of —1.2
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(-1.85to 1.17), 1.2 (-1.48 to 2.37), and 2.1 (1.16-3.90),
respectively (p=0.017). Adjusted analysis for PICU length
of stay showed a regression coefficient (95 % CI) for the R, I
and F groups of 1.2 (—1.04 to 1.54), 1.0 (—1.36 to 1.58), and
1.9 (1.34-2.82), respectively (p=0.006).
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Table 3 Crude and adjusted odds ratio for death according to pRIFLE
categories

Table 5 Adjusted analysis for duration of mechanical ventilation and
stay in the pediatric intensive care unit stay according to pRIFLE
categories

AKT* Death Crude OR Adjusted OR
(C195%)° (95 % CI)* AKI MV duration (h)*® PICU duration (h)*

No, Yes,

n (%) n (%) B 95 % CI e B 95%CI e
No  45(95.7) 2(4.3) - No - 0.017 - 0.006
R 21(95.5) 1(4.5)  1.07(0.09-12.48) 1.04 (0.09-11.11) R -12 -1.85t01.17 12 -1.041t01.54
I 4(57.1) 3 (429) 16.87 (2.14-132.5) 8.35(1.32-52.63) 1 12 -1.4810237 1.0 -1361t01.58
F 6 (66.7) 3(33.3) 11.25(1.55-81.61) 7.85(1.53-40.29) F 21 1.16-3.90 19  134-2.82
Total 76 (89.4) 9 (10.6)

OR, Odds ratio

?Patient was diagnosed with acute kidney injury (AKI) if he/she were
classified as R, I, or F according to pRIFLE criteria (see Table 1)

® Analysis with chi-squared test for linear tendency, p=0.001
¢ Analysis with Poisson regression, p=0.022

Discussion

The main finding of this study is that the occurrence of AKI
according to the pRIFLE criteria in children after open heart
surgery increased the post-operative risk of morbidity and
mortality. Duration of MV and PICU stay and incidence of
death were higher in children who developed AKI after
surgery.

The incidence of AKI in children after heart surgery
ranged from 4 to 42 % in previous studies, but the criteria
used to define AKI in these studies varied from the need of
dialysis to elevations of serum creatinine of>50 % [9—18].
Table 6 shows the results of recent studies using the pRIFLE
or AKIN definitions of AKI after heart surgery in neonates
and/or older children [15, 17-20, 27]. These studies show a
high incidence of AKI in children and an even higher
incidence when neonates were included [19, 27]. As in our
study, these studies also show that AKI is associated with
negative outcomes.

The observed incidence of AKI in a study conducted by
Li et al. was 42 %, in which AKI was defined as an>50 %
rise in serum creatinine [15]. Another study showed an AKI

Table 4 Duration of mechanical ventilation and stay in the pediatric
intensive care unit according to pRIFLE categories

Acute kidney injury MV duration (h) PICU duration (h)

No 5.0 (2-72) 72 (50-126)

R 15.5 (2.8-225.8) 99.7 (73-433.8)

I 141.0 (81-292) 196 (100-386,0)
F 545.0 (329.2-815)  891.0 (556.5-939.5)
Total 8.5 (2.5-241.5) 99.5 (60-385.5)

Data are presented as the median with the IQR given in parenthesis

MYV, Mechanical ventilation, PICU, pediatric intensive care unit

Adjusted for sex, age, number of organ failures, occurrence of pulmo-
nary hypertension, and occurrence of presumed or confirmed sepsis.
AKI, acute kidney injury; PICU, pediatric intensive care unit; MV,
mechanical ventilation

* Analysis after logarithmic transformation and data are shown after
anti-logarithmic transformation

bR% =0.910
°R? =0.845

9 Analysis with analysis of variance: {, correlation coefficient

incidence of 35 % using only serum creatinine level to
classify patients according to pRIFLE criteria [18]. We
found an incidence of AKI of 45 % in our study cohort,
including AKI groups R, I, and F according to the pRIFLE
criteria. Based on the standard deviation of the mean, there
was no significant difference in the incidence of AKI be-
tween our study and previous studies. However, the trend
towards a higher incidence of AKI in our study cohort may
be explained by the inclusion of not only the GFR criterion
but also the urine output criterion to classify patients accord-
ing to pRIFLE, which may raise the sensitivity of the pRIFLE
criteria to detect the occurrence of AKI.

Using the urine output criterion to classify patients
according to pRIFLE significantly raised the number of
patients classified in category R. For the other categories,
this criterion did not detect a significant number of patients
with AKI. Urine output in children after heart surgery is
frequently influenced by modified ultrafiltration and diuretic
use [17]. Adding to that is the fact that, in our study, the
outcomes in children classified in the R group were similar
to those who did not develop AKI. Therefore, we consider
that the urinary output criterion should not be included to
classify this group of patients according to pRIFLE. In fact,
post-hoc exploratory analyses showed that AKI-positive
children according to the urine output criterion alone pre-
sented no risk of increased length of MV or PICU stay. In
the same way, after dichotomizing pRIFLE results (I+F
children in one group and no AKI+R children in the other),
we found that those in the I+F group presented a longer
duration of MV and PICU stay in comparison to children in
the no AKI+R group. The risk of death was also higher
among children in the I+F group compared to those in no
AKI+R group (data available upon request).
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Table 6 Recent studies using pRIFLE or Acute Kidney Injury Network definitions of acute kidney injury after heart surgery in children

First author (year) Study design

Findings

Zapitelli M
(2009) [20]

Krawczeski CD
(2010) [17]

Li S (2011) [15]

Blinder JJ
(2012) [19]

Hassinger AB
(2012) [18]

Retrospective study which included 390 children. AKI was
defined using pRIFLE criteria. Objective was to test whether
post-operative rise in serum creatinine on days 1 and 2
could predict a >50 % increase in serum creatinine within 48 h.

Prospective study which included 374 children. Objective was
to investigate the value of cystatin C as an early biomarker

of AKI in children after CPB. pRIFLE was a secondary outcome.

Prospective observational multicenter cohort study which
included 311 patients. AKI was defined as rise in serum
creatinine of at least 50 % from preoperative baseline
within the first 7 days after surgery.

Retrospective study which included 430 infants
aged<90 days. A modified pediatric version of the
AKIN criteria was used to define AKI.

Prospective observational cohort study. 100 children
who underwent cardiac surgery with cardiopulmonary
bypass were studied. The objective of the study was
to investigate whether rise in serum cystatin C predicts

AKI occurred in 36 % of patients. Patients whose
serum creatinine did not rise on post-operative days
1 and 2 were unlikely to develop AKI. Risk factors
for AKI were longer bypass time, longer vasopressor
use, and younger age. AKI was associated with longer
duration of ventilation and intensive care unit stay.

The incidence of AKI defined as a >50 % increase
in serum creatinine was 32 %. Of these, 46, 34,
and 19 % were in the R, I, and F groups, respectively.
A cystatin C concentration of 1.16 mg/L predicted
AKI at 12 h after CPB.

The incidence of AKI was 39 %. Most children
(97.7 %) developed AKI within the first 48 h after
surgery. Younger age and longer bypass time were
associated with AKI. Duration of hospital stay and
MYV were longer in children who developed AKI.

AKI occurred in 225 (52 %) patients, of whom 31,
14, and 7 % were in stage I, II, and III, respectively.
Single ventricle status, CPB, and higher reference
serum creatinine were associated with postoperative
AKI. AKI was associated with in-hospital mortality
and longer MV, inotropic support, and length
of ICU stay.

The incidence of AKI was 35 % using pRIFLE.
Serum cystatin C predicted AKI as early as
8 h after CPB.

AKI according to pRIFLE.
Prospective cohort study including 264 neonates.
AKI was defined based on the AKIN definition.

Morgan CJ
(2013) [27]

AKI occurred in 64 % of the neonates. Lower age,
longer CPB time, hypothermic circulatory arrest,
type of repair, lower gestational age, lower preoperative
serum creatinine, and preoperative ventilation were
factors associated with AKI. Patients who developed
AKI had longer times to extubation, ICU discharge,
and hospital discharge and higher mortality.

AKIN, Acute Kidney Injury Network; ICU, intensive care unit

In our study, mortality was higher among those children
who developed AKI than among those who did not. Results
from previous studies show an association between AKI
according to pRIFLE criteria and mortality in critically ill
children [8, 15, 28, 29]. In children after heart surgery, AKI
defined by other criteria has also been found to be associated
to mortality [9-12, 14, 16]. Our study emphasizes the rele-
vance of AKI as a prognostic factor in this group of patients.

After adjusted analysis, only patients in the F group had a
longer duration of MV and PICU stay. The study by Li et al.
found a longer duration of MV and hospital stay in children
after heart surgery who developed AKI defined by a rise in
serum creatinine of at least 50 % [15]. Akcan-Arikan et al.
also demonstrated that children in the I and F groups had a
longer duration of MV and PICU stay [8].

A longer duration of MV in patients with AKI may be
secondary to cardiocirculatory congestion leading to a rise
in the pulmonary capillary hydrostatic pressure, production
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of inflammatory cytokines with cardiac and pulmonary neg-
ative effects, and induction of pulmonary epithelial apopto-
sis by the renal injury. Possible explanations for a longer
stay in the PICU are the need for prolonged MV and dialysis
therapy in some patients [30].

Many factors may be associated to AKI in children after
heart surgery. Intra-operatory factors include cardiopulmo-
nary bypass, which might affect renal function by a hemo-
dynamic mechanism and by the occurrence of systemic
inflammatory response syndrome (SIRS). In the post-
operatory period, low cardiac output syndrome, presence
of residual lesions, or failure in correction and persistence
of SIRS associated to sepsis may worsen renal dysfunction.
In addition,, drug toxicity might be associated to kidney
injury since some antibiotics and angiotensin-converting
enzyme inhibitors are frequently used [31-33].

Therefore, the occurrence of AKI may be a good marker
of poor outcome in children after heart surgery because it
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can identify those children in whom the complications men-
tioned above occur with higher frequency, and whose clin-
ical evolution may be unfavorable.

It is not possible to conclude from our data whether the
prevention or early management of AKI would alter mor-
bidity and mortality in such children. However, considering
the negative effect of AKI on the studied outcomes, it is
possible that early aggressive management and prevention
of AKI by maintenance of adequate cardiac output and
judicious use of potentially nephrotoxic drugs might be
beneficial. Other limitations of our study include presumed
values of serum creatinine for the ten patients with no
information on baseline. As a result we may have over-
estimated the baseline GFR in these cases since children
with heart diseases are at risk of renal dysfunction even prior
to surgery. Also, the small number of deaths prevented the
control of all potential confounders, except for PIM2.

The applicability of our results in other institutions may
be limited since our study was conducted in only one center.
The follow-up time was relatively short since it was limited
to the length of stay in the PICU. It is also important to point
out that the relatively small number of patients included in
our study limits the power to detect more significant differ-
ences between different groups of patients who developed
AKI, especially in the multivariable analysis. On the other
hand, the fact that statistically significant differences were
detected with a small number of patients helps to highlight
the significant clinical relevance of the occurrence of AKI.

Conclusion

We conclude that the occurrence of AKI according to pRIFLE
criteria increased morbidity and mortality in children after
heart surgery. More studies are needed to evaluate the effect
of specific interventions on the prevention and early aggres-
sive management of AKI in this group of patients.
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