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Abstract

Background: Older adults with advanced non-dialysis-dependent chronic kidney disease (NDD-
CKD) face a high risk of hospitalization and related adverse events.
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Methods: This prospective cohort study followed nephrology clinic patients =60 years old with
NDD-CKD stages 4-5. After an eligible patient’s office visit, study staff asked the patient’s
provider to rate the patient’s risk of death within the next year using the surprise question (*Would
you be surprised if this patient died in the next 12 months?”") with a 5-point Likert scale response
(1, “definitely not surprised” to 5, “very surprised”). We used a statewide database to ascertain
hospitalization during follow-up.

Results: There were 488 patients (median age 72 years, 51% female, 17% black) with median
estimated glomerular filtration rate 22 mL/min/1.73 m2. Over a median follow-up of 2.1 years, the
rates of hospitalization per 100 person-years in the respective response groups were 41 (95%
confidence interval [CI]: 34-50), “very surprised”; 65 (95% CI: 55-76), “surprised”; 98 (95% ClI:
85-113), “neutral”; 125 (95% CI: 107-144), “not surprised”; and 120 (95% CI: 94-151),
“definitely not surprised.” In a fully adjusted cumulative probability ordinal regression model for
proportion of follow-up time spent hospitalized, patients whose providers indicated that they
would be “definitely not surprised” if they died spent a greater proportion of follow-up time
hospitalized compared with those whose providers indicated that they would be “very surprised”
(odds ratio 2.4, 95% CI: 1.0-5.7). There was a similar association for time to first hospitalization.

Conclusion: Nephrology providers’ responses to the surprise question for older patients with
advanced NDD-CKD were independently associated with proportion of future time spent
hospitalized and time to first hospitalization. Additional studies should examine how to use this
information to provide patients with anticipatory guidance on their possible clinical trajectory and
to target potentially preventable hospitalizations.

Keywords
Chronic kidney disease; Geriatric nephrology; Hospitalization

Introduction

Adults with non-dialysis-dependent chronic kidney disease (NDD-CKD) are at increased
risk for hospitalization [1-7], and as their CKD progresses, their risk of hospitalization
increases [1,3-5, 7, 8]. Once hospitalized, patients with NDD-CKD are more likely than
their non-CKD counterparts to suffer from a preventable hospital-acquired condition [9],
which heightens their risk of in-hospital death, prolonged length of stay, or readmission
within 90 days [10]. Like patients with NDD-CKD, older adults also face increased risk of
adverse events during hospitalization [11], often followed by disability and loss of
independence [12], which deserves special attention given that maintaining independence is
the top health outcome priority for older adults with advanced NDD-CKD [13].

Given how common and consequential hospitalization is for older adults with NDD-CKD,
the ability to identify those whose risk extends above the baseline risk of being older and
having diminished kidney function could benefit these patients by directing their healthcare
team’s efforts towards prognostication of clinical trajectory and prevention of
hospitalization. Patients with advanced CKD and end-stage kidney disease (ESKD) often
report that though they want to discuss prognosis with their doctors, they generally have not
[14-17]. With regard to hospitalization prevention, prior research suggests that some
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hospitalizations of patients with NDD-CKD are preventable and that particular patient
characteristics, including older age, higher stage of CKD, lower income, and poor
attachment to primary care, are associated with these preventable hospitalizations [18, 19].

Recognizing that the ability to both prognosticate and prevent depends upon knowing who is
in need of such efforts, we sought a simple means of identifying older NDD-CKD patients at
especially high risk of hospitalization. Previous research has demonstrated that a
nephrologist’s response to the “surprise question” about a patient’s mortality risk (“Would
you be surprised if this patient died in the next 12 months?”, which can be answered with a
binary and 5-point Likert scale response) is associated with mortality [20] and has moderate
to good reliability in older patients with NDD-CKD stages 4-5 [21]. We hypothesized that a
provider’s impression of a patient’s health, as expressed in the 5-point Likert scale response
to the surprise question, would be independently associated with hospitalization in this
population.

Materials and Methods

As part of an observational prospective study in older adults (aged 260 years) with NDD-
CKD stages 4-5, we approached all attending physicians and advanced practitioners with a
continuity clinic at an academic nephrology practice in the southern United States to
participate in this study from June 2014 to February 2016. All providers gave written
informed consent. Through these providers, we accrued 488 patients, whom we followed to
December 2016. As described in previous studies, we excluded patients who were dialysis-
dependent, had a prior kidney transplant, had been referred for acute kidney injury, or were
having an initial visit with a particular nephrology provider [21]. Use of the surprise
question to identify patients at high risk of hospitalization was a prespecified secondary
outcome of the parent study. The Vanderbilt University Institutional Review Board approved
this study, including a waiver of patient informed consent (#140402).

Surprise Question Assessment

Covariates

We conducted a brief didactic session to familiarize providers with the surprise question.
Study staff asked providers the question immediately following an eligible patient’s office
visit and recorded responses on a paper form. As previously described, in addition to the
usual binary response (i.e., “yes” or “no”), providers also answered the question “How
surprised would you be if this patient died in the next 12 months?” with a 5-point Likert
scale to capture the degree of surprise (i.e., “definitely not surprised,” “not surprised,”
“neutral,” “surprised,” and “very surprised”) [21].

We performed manual chart reviews and electronic health record (EHR) data abstraction to
obtain baseline variables, including sociodemographic information, comorbid conditions,
prescription medications, and common clinical measurements such as laboratory values. We
reviewed clinical notes, problem lists, medical, surgical, and social histories, and scanned
documents for information. We determined the number of medications by counting active
prescription medications, not including topical agents or eye drops, on the date of the

Am J Nephrol. Author manuscript; available in PMC 2021 July 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ramer et al.

Page 4

patient’s baseline visit. With information on comorbidities, we calculated a Charlson
Comorbidity Index (CCI) for each patient [22]. We also ascertained the total number and
cumulative length of hospitalizations starting in June 2013, at least 1 year prior to the
baseline visit (see below).

Hospitalization Ascertainment

We determined dates of hospitalizations from June 2013 (1 year prior to the first patient’s
baseline visit) to December 2016 through linkage with Tennessee Department of Health
data. Since 1994, all hospitals in the state have been required to submit hospital claims data
to the Department of Health. These data include admissions with observation status or for
acute rehabilitation; thus, we counted both of these types of admission as hospitalizations.
We did not have data on subacute rehabilitation or nursing home admissions. We calculated
the length of each hospitalization by enumerating the number of days between the admission
and discharge dates.

Death and Renal Replacement Therapy Ascertainment

Through linkage with the Social Security Death Master File, we captured vital status and
date of death, if it occurred. To ensure that we minimized the number of deaths missed, we
also performed EHR chart review and online obituary searches for all patients. The EHR
contains the date of all deaths at all facilities within the health system, as well as
communications with bereaved family members (e.g., while canceling an upcoming
appointment). In the rare cases in which vital status and/or date of death remained uncertain,
we queried the Tennessee Office of Vital Records to provide verification on vital status. Vital
status abstractors were blinded to surprise question responses.

In addition, based on EHR review, we recorded if a patient at any point in follow-up had a
documented preference for conservative nondialytic management of ESKD, though we did
not record whether or not the patient eventually chose to forego renal replacement therapy
(RRT). If a patient initiated RRT by the end of follow-up, we recorded both the modality and
the date.

Statistical Analysis

We present patients’ characteristics as medians and interquartile ranges (IQR) for continuous
variables and counts with percentages for categorical variables. We used the number of
hospitalizations and the length of follow-up to determine hospitalization rates per 100
person-years and the proportion of follow-up time spent hospitalized for both the overall
cohort and by surprise question response. We calculated the 95% confidence intervals (95%
CI) for hospitalization rates using the exact likelihood method.

For our main regression analysis, the primary outcome was proportion of follow-up time
spent hospitalized (i.e., the number of follow-up days hospitalized divided by the total
number of follow-up days). We chose this primary outcome to account for the occurrence of
repeated hospitalizations while minimizing the potential impact of variable follow-up due to
death. We analyzed this outcome with the highly flexible cumulative probability ordinal
regression model (CPM) [23]. It should be noted that we implemented this more flexible
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model after a Poisson regression of hospital days with follow-up time incorporated as an
offset term did not adequately fit the outcome. Therefore, Poisson regression was abandoned
in favor of the CPM model. Model diagnostics indicated that the CPM model adequately
described the data. We selected independent variables for this model a priori on the basis of
plausibility of an association and prior literature in similar populations [3, 24, 25]: age, sex,
race, marital status, insurance type, CCI, number of prescription medications, body mass
index (BMI), estimated glomerular filtration rate (eGFR), serum albumin, hemoglobin, days
spent hospitalized in the prior year, and 5-point Likert scale surprise question response. To
allow for possible nonlinear associations, we included continuous variables in the regression
model as restricted cubic splines. For continuous variables, we scaled odds ratios (ORs) to
express the odds per an increase equal to the variable’s IQR. For categorical variables, we
expressed ORs against specified references.

In addition, to explore the robustness of our findings, we conducted 2 supplemental
analyses. In the first supplemental analysis, we re-ran the fully adjusted CPM model using
the surprise question with trinary response [21] rather than 5-point Likert scale response. For
this model, responses of “definitely not surprised” and “not surprised” were collapsed into
“not surprised,” and responses of “surprised” and “very surprised” were collapsed into
“surprised”; the response of “neutral” remained on its own. In the second supplemental
analysis, we examined time to first hospitalization. We used the Kaplan-Meier estimator to
investigate median time to first hospitalization for both the overall cohort and by surprise
question response. We then fit a Cox proportional hazards model adjusting for the same
covariates described in the primary regression analysis. We used visual diagnostics to check
that the proportional hazards assumption was met. Censoring events included death or last
date of linkage with the Tennessee Department of Health data in December 2016. We
considered p values of <0.05 to be statistically significant and performed all analyses using
R (version 3.4.4).

A total of 488 patients, 51% women, with median age 72 years (IQR: 66-78), were available
for analysis (Table 1). The median eGFR at enrollment was 22 mL/min/1.73 m? (IQR: 16—
26) by the Modification of Diet in Renal Disease equation [26]. Diabetes mellitus was
present in 55% of patients, while 40% had coronary artery disease, 32% had heart failure,
24% had cerebrovascular disease, 21% had peripheral vascular disease, 17% had cancer
(excluding nonmelanoma skin cancer), and 22% had chronic lung disease. In general, the
patients about whom the providers would be less surprised were older; had higher CCls; had
lower BMIs, eGFRs, and serum albumin and hemoglobin values; and had more
comorbidities, particularly heart failure, cerebrovascular disease, cancer, chronic lung
disease, and chronic liver disease. Overall, 34% of the patients had been hospitalized at least
once in the year prior to study enrollment, with a low of 15% in the “very surprised”
response group to a high of 66% in the “not surprised” response group and 45% in the
“definitely not surprised” response group.

As shown in Table 2, the median follow-up was 2.1 years (IQR: 1.7-2.4). The rates of
hospitalizations per 100 person-years in the respective response groups were 41 (95% ClI:
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34-50), “very surprised”; 65 (95% CI: 55-76), “surprised”; 98 (95% CI: 85-113), “neutral”;
125 (95% CI: 107-144), “not surprised”; and 120 (95% CI: 94-151), “definitely not
surprised.” The entire cohort spent a median of 0.5% (IQR: 0-2.2%) of follow-up time
hospitalized; the group medians ranged from 0% (IQR: 0-0.8%) in the “very surprised”
response group to 1.5% (IQR: 0-4.7%) in the “definitely not surprised” response group. The
median number of days and follow-up time to which these percentages equate is displayed in
Table 2. In the “definitely not surprised” response group, 55% of the patients died during
follow-up, more than twice the rate of the “not surprised” response group (27%). In contrast,
only 8% of the “very surprised” response group patients died during follow-up.

In the multivariable model examining the proportion of follow-up time spent hospitalized,
being divorced or separated as opposed to married (OR 2.16, 95% ClI: 1.25-3.73), having a
CCl of 7 versus 4 (OR 1.31, 95% CI: 1.00-1.73), and being prescribed 11 versus 7
medications (OR 1.58, 95% CI: 1.21-2.06) were significantly associated with spending a
greater proportion of follow-up time hospitalized (Table 3). Compared with a response of
“very surprised,” a response of “definitely not surprised” (OR 2.44, 95% ClI: 1.04-5.72),
“not surprised” (OR 2.84, 95% ClI: 1.58-5.11), “neutral” (OR 2.58, 95% ClI: 1.50-4.45), and
“surprised” (OR 1.70, 95% CI: 1.02-2.82) were all associated with spending a greater
proportion of follow-up time hospitalized.

Supplemental Analyses

The multivariable model examining the proportion of follow-up time spent hospitalized
using the trinary surprise question response demonstrated results similar to the model using
the 5-point Likert scale response, with patients whose providers responded “not surprised”
(OR 2.09, 95% ClI: 1.28-3.40) and “neutral” (OR 1.98, 95% CI: 1.24-3.18) spending a
higher proportion of follow-up time hospitalized compared with patients whose providers
responded “surprised” (see online suppl. Table 1; see www.karger.com/doi/
10.1159/000509046 for all online suppl. material).

Figure 1 demonstrates Kaplan-Meier curves of time to first hospitalization according to
surprise question 5-point Likert scale response. Until the end of follow-up, when the curves
for “not surprised” and “definitely not surprised” cross, the respective curves for each
surprise question response remain ordered, such that “very surprised” has the lowest
proportion of patients with a hospitalization and “definitely not surprised” has the highest
proportion of patients with a hospitalization. The multivariable adjusted hazard ratios for
time to first hospitalization follow the same pattern as the primary analysis, with a response
of “definitely not surprised” (HR 1.99, 95% CI: 1.14-3.49), “not surprised” (OR 2.09, 95%
Cl: 1.35-3.22), “neutral” (OR 1.72, 95% CI: 1.17-2.51), and “surprised” (OR 1.54, 95% CI:
1.04-2.27) all associated with shorter time to first hospitalization compared with a response
of “very surprised” (online suppl. Table 2).

Discussion

In this study, we found that the nephrology provider response to the surprise question
identified older adults with advanced NDD-CKD with higher hospitalization rates and a
shorter time to first hospitalization and was independently associated with proportion of
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follow-up time spent hospitalized and time to first hospitalization. This was especially true
in patients whose providers responded “neutral,” “not surprised,” and “definitely not
surprised,” as the odds of increased proportion of time spent in the hospital for these patients
were approximately 2.5-3 times those of their “very surprised” response counterparts.

Our findings suggest that provider intuition has unique value in anticipating critical patient-
centered outcomes besides death. In the past, others have provided estimates of the
hospitalization rate in advanced NDD-CKD. Go et al., based on their cohort of adults of all
ages from the Kaiser Permanente Renal Registry in 19962000, calculated a rate of 87 per
100 person-years in patients with eGFR 15-29 mL/min/1.73 m?Z and 145 per 100 person-
years in patients with eGFR < 15 mL/min/1.73 m2[1], while the United States Renal Data
System, using Medicare data, placed it at 86 per 100 person-years in patients aged 66 and
older with CKD stages 4-5 in 2016 [7]. Our cohort’s overall rate of 78 hospitalizations per
100 person-years is similar, but the difference between surprise question response groups —
from as low as 41 hospitalizations per 100 person-years in the “very surprised” response
group to as high as 125 hospitalizations per 100 person-years in the “not surprised” response
group — demonstrates that older adults with advanced NDD-CKD are a heterogeneous
group, and nephrology providers recognize patients who are at increased risk of
hospitalization when they answer the surprise question.

The issue, then, is how best to employ this provider intuition for the benefit of the patient.
One way in which to do it would be in offering prognostic information to facilitate informed
shared decision-making. The findings of this study and its precursor [21] demonstrate that
nephrologists are able to prognosticate about outcomes that matter to patients with NDD-
CKD stages 4-5, even if they often report they cannot [15, 27, 28], and nephrologists’
intuitions are valuable independent of traditional markers of health and disease. Despite this,
available data suggest that patients are not receiving prognostic information as much as they
would like [14-17]. Though nephrology providers might regard hospitalization as an
expected outcome in advanced NDD-CKD, hospitalization can be a sentinel event heralding
the onset of new problems or even the imminent end of life. Hospitalization and its
complications can also irrevocably alter a patient’s clinical trajectory. Finally, some patients
view hospitalization so unfavorably that they would accept a shorter lifespan in exchange for
fewer days hospitalized. Whatever the significance of hospitalization to the individual
patient, it is worth studying if integrating a nephrology provider’s response to the surprise
question into sensitive but honest conversations about the future could help meet the
patient’s need for prognostic information while easing the nephrology provider’s work of
delivering this information.

Another way in which a nephrology provider could use his or her clinical gestalt of a patient
for the patient’s benefit would be in preventing hospitalization. Overall, inquiry into
interventions that could prevent hospitalization of NDD-CKD patients, targeting them on the
basis of their CKD rather than on the basis of another condition, is still in its infancy, but
there have been some promising results. Through the use of nurse care management
augmented with a disease-based informatics system, Fishbane and colleagues were
successful in lowering the hospitalization rate in patients with NDD-CKD stages 4-5 [29].
The main driver of this lower hospitalization rate was fewer hospitalizations for volume
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overload or congestive heart failure. Though patients were enrolled in this randomized
controlled trial without regard for perceived hospitalization risk, the application of the
intervention across 2 academic clinics, a public hospital clinic, and a private practice
suggests that the results are likely generalizable. Similarly, in patients with heart failure and
chronic obstructive pulmonary disease, the chronic diseases that have so far fostered the
most research in hospitalization prevention, case management interventions, and integrated
disease management programs have been shown to reduce hospitalizations [30, 31]. The
message from the literature in these conditions, as well as the aforementioned NDD-CKD
study, is that it requires a team to keep patients out of the hospital. Further research into
interventions to avoid hospitalization in NDD-CKD patients might be enriched by efforts to
include patients whose providers respond “definitely not surprised,” “not surprised,” or
“neutral” to the surprise question.

Our study had notable strengths. First, since all providers in the clinic consented to
participation and patients were not required to consent, we did not exclude any patients,
greatly reducing potential selection bias and enhancing generalizability. Second, the use of
the Tennessee Department of Health hospitalization data allowed us to capture
hospitalizations throughout the whole state. This permitted us to adjust for days hospitalized
in the year prior to study enrollment and thereby more fully ascertain the primary outcome.
We also acknowledge some limitations. First, this was a single-center study of an academic
clinic population with some racial but limited ethnic diversity. Second, if any
hospitalizations occurred outside Tennessee, we missed them, but this misclassification
would likely have been nondifferential and biased our results towards the null. Third,
because many of the hospitalizations were not at the hospital affiliated with the clinic at
which the study was performed, we were not able to systematically examine the diagnoses
prompting hospitalizations and whether or not these hospitalizations could have been
prevented. Based on prior work, we know that the leading causes of hospitalization in NDD-
CKD patients are cardiovascular events and infections [4, 5]. Fourth, although we were able
to capture admissions to acute rehabilitation units and freestanding rehabilitation hospitals,
we were not able to capture admissions to skilled nursing facilities for subacute
rehabilitation or long-term care. Skilled nursing facility stays probably are also important
outcomes for patients; however, their inclusion could have substantially increased the
proportion of time spent within a healthcare institution. Fifth, in our analysis we did not
distinguish between hospitalizations in which death did and did not occur, as it is not
possible at time of admission to know which hospitalizations will end in death. We also do
not know which patients eventually chose to forego dialysis, so we cannot account for how
decisions to forego dialysis affected the occurrence of hospitalization or death. Finally, we
did not specifically validate the 5-point Likert scale surprise question response in our earlier
work [21], but the 5-point responses yielded similar predictive ability as the binary and
trinary surprise question responses, albeit with somewhat lower interrater reliability.

Although the surprise question was devised to ask about risk of death, our findings
demonstrate that nephrology provider response identifies older adults with advanced NDD-
CKD at increased risk of hospitalization. This work strengthens the case for using the
surprise question in everyday practice to start conversations that extend from risk of
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hospitalization and anticipated clinical trajectory to shared decision-making about broader
treatment preferences in the setting of serious illness.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Kaplan-Meier curves of time to first hospitalization by surprise question 5-point Likert scale
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Multivariable adjusted odds of proportion of follow-up time spent hospitalized

Table 3.

Odds ratio
(95% CI)

Age (78 vs. 66), years
Women
Black
Marital status (vs. married)
Divorced/separated
Widowed
Single
Insurance type (private vs. nonprivate)
Charlson comorbidity index (7 vs. 4)
Current prescription medications (11 vs. 7), 17
Body mass index (34 vs. 25), kg/m?
Laboratory values
eGFR (26 vs. 16), mL/min/1.73 m?
Serum albumin (4.2 vs. 3.7), g/dL
Hemoglobin (12.7 vs. 10.5), g/dL
Days spent hospitalized in prior 1 year (5 vs. 0)
Surprise question response (vs. very surprised)
Definitely not surprised
Not surprised
Neutral

Surprised

0.99 (0.69-1.42)
1.32 (0.89-1.96)
1.12 (0.68-1.84)

2.16 (1.25-3.73)
1.14 (0.68-1.90)
0.99 (0.38-2.61)
1.22 (0.73-2.06)
1.31 (1.00-1.73)
1.58 (1.21-2.06)
0.70 (0.52-0.94)

0.79 (0.60-1.04)
0.66 (0.54-0.81)
0.90 (0.69-1.18)
1.09 (0.83-1.43)

2.44 (1.04-5.72)
2.84 (1.58-5.11)
2.58 (1.50-4.45)
1.70 (1.02-2.82)
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For continuous variables, odds ratios express the odds per an increase equal to the variable’s interquartile range. Cl, confidence interval; eGFR,

estimated glomerular filtration rate.
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