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Abstract

Objective: To determine the risks of acute kidney injury development and long-term clinical outcomes of
patients with hypertensive crisis.
Patients and Methods: This was a population study of Olmsted County residents with hypertensive crisis
between January 1, 2000, and December 31, 2008, with follow-up until June 30, 2016.
Results: The results demonstrated that those with underlying chronic kidney disease upon admission for
hypertensive crisis, defined as a systolic blood pressure above 180 mm Hg or diastolic blood pressure
above 120 mm Hg, were more likely to develop acute kidney injury during hospitalization (odds ratio,
6.04; 95% CI, 1-26; P¼.02). Hospitalization length of stay was increased when patients developed acute
kidney injury during hypertensive crisis hospitalization (7.6�9 vs 3.4�4 days; P¼.04). Furthermore,
those who developed acute kidney injury had increased cardiac rehospitalization frequency over 10 years
(87% vs 46%; P¼.009). These results suggest that those with poor renal reserve are more likely to have
further acute kidney damage in the setting of hypertensive crisis, likely due to decreased renal perfusion
and neurohormonal dysregulation.
Conclusion: In patients hospitalized for hypertensive crisis, chronic renal insufficiency was a risk factor
associated with acute kidney injury development during hospitalization. Those who developed acute
kidney injury had longer hospitalizations with increased rehospitalization frequency. Future studies are
warranted to further investigate whether the preservation of renal function will improve clinical outcomes
in hospitalized patients with hypertensive crisis.
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B oth renal insufficiency and hyperten-
sion are extremely prevalent in the gen-
eral population, and the occurrences of

these conditions are intertwined. As many as
33% of adults in the United States have high
blood pressure, and the prevalence of chronic
kidney disease (CKD) in the United States is
more than 16%.1 Hypertension hospitaliza-
tions are also a large burden to the US health
care system, with 579,000 patients in 2009
discharged from a hospital in the United States
for hypertension as the primary diagnosis.1

While it has been well documented that
chronic hypertension negatively impacts kid-
ney function, the long-term outcomes of
patients hospitalized for hypertensive crisis
with acute kidney injury (AKI) remain unde-
fined. Previous studies have shown that in
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the short term, hospitalized patients with
CKD who develop AKI have associated
increased mortality.2-4 In the Studying the
Treatment of Acute Hypertension registry,
hospitalized acute severe hypertension pa-
tients with concurrent CKD and subsequent
AKI had an increased risk of short-term mor-
tality and morbidity.5 However, the long-
term outcomes following renal dysfunction
after an acute episode of severe hypertension
remain undefined.

This study aimed to identify the risk
factors associated with AKI development in
the hypertensive crisis population and how
an episode of AKI in this population affects
long-term mortality, morbidity, and rehospi-
talization. Clarifying this vascular-renal rela-
tionship can help the clinician provide a
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VASCULAR-RENAL CONNECTION IN HYPERTENSIVE CRISIS
more accurate prognosis to patients as well as
become more alert to patients at high risk for
end-organ dysfunction, rehospitalization, or
death.

PATIENTS AND METHODS

Study Setting
The study protocol was approved by the insti-
tutional review boards of both Mayo Clinic
and Olmsted Medical Center, and data were
obtained from the Rochester Epidemiology
Project, which maintains a medical record
database for residents of Olmsted County,
Minnesota.6 The Rochester Epidemiology
Project database contains documentation of
outpatient visits, emergency department visits,
and hospitalizations.

In this retrospective analysis, we collected
demographic, clinical, and laboratory data on
adult residents of Olmsted County, Minne-
sota, who were hospitalized for hypertensive
crisis between January 1, 2000, and December
31, 2008, with follow-up until June 30, 2016.
Inclusion criteria were male and female adults,
18 years or older, who were hospitalized with
a main discharge diagnosis of hypertensive
crisis, defined as systolic blood pressure above
180 mm Hg or diastolic blood pressure above
120 mm Hg, and identified with International
Classification of Diseases, Ninth Revision codes
and confirmed with detailed review of the
medical records. Selected 401-405 Interna-
tional Classification of Diseases, Ninth Revision
codes corresponding to hypertensive crisis
were used. Only those patients with repeated
creatinine measurements during hospitaliza-
tion were included.

Data Collection
Collection of baseline characteristics for the
identified patients included age, sex, ethnicity,
body mass index (calculated as the weight in
kilograms divided by the height in meters
squared), history of hypertension, tobacco
use, known coronary artery disease, and his-
tory of heart failure (HF). Collection of admis-
sion laboratory values included lipid panel,
liver function tests, serum urea nitrogen
(BUN), and plasma creatinine. Vitals signs,
including admission blood pressure and high-
est blood pressure during hospitalization, were
collected. The highest BUN and plasma
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creatinine values during hospitalization were
also collected. Outcome variables collected
include mortality and date of death, length
of hospitalization, date and reason of first
rehospitalization, and posthospitalization
BUN and creatinine. Mortality data were
collected from the Mayo Clinic or Olmsted
Medical Center electronic medical records.
Data on echocardiographic parameters within
6 months of hospitalization and admission
and discharge blood pressure medications
were collected.

Acute kidney injury development was
defined as an increase of 0.3 mg/dL or 25%
in plasma creatinine during the hospitaliza-
tion. Glomerular filtration rate (GFR) was
calculated by the Modification of Diet in Renal
Disease method: estimated GFR (eGFR; mL/
min/1.73 m2) ¼ 175 � (Scr)�1.154 �
(Age)�0.203 � (0.742 if female) � (1.212 if
African American). Chronic kidney disease was
defined by eGFR of less than 60 mL/min.
Cardiac rehospitalization was defined as a
rehospitalization with a main discharge diag-
nosis related to hypertension, coronary artery
disease, arrhythmia, or HF.

Data Analysis and Outcomes
The primary analysis involved identifying risk
factors for AKI development and determining
the relationship between CKD and AKI among
the hypertensive crisis population. Additional
analyses included short- and long-term rehos
pitalization and mortality outcomes for the hy-
pertensive crisis population with or without
AKI development during hospitalization.

Continuous variables are presented as
mean � SD. Discrete variables are summarized
as frequency (percentage). Comparisons
between groups were made using the 2-
sample t test for continuous variables and
the Pearson c2 test for categorical variables.
Further assessment of potential associations
with renal failure was done using a logistic
regression model, adjusting for age and sex
on selected variables that showed statistical
significance. Long-term follow-up event esti-
mates were computed using the Kaplan-
Meier method, with group comparisons
made via the log-rank test. Modeling of long-
term outcomes was assessed using Cox pro-
portional hazards models, again adjusting for
age and sex on selected variables that showed
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TABLE 1. Baseline Characteristics for the Entire Populationa,b

Variable Overall (N¼50) AKI (n¼23) No AKI (n¼27)

Age (y), mean � SD 66.9�18.0 64.3�18.3 69.0�17.9
Sex, No. (%)

Male 21 (42) 9 (39) 12 (44)
Female 29 (58) 14 (61) 15 (56)

Ethnicity, No. (%)
Black 1 (2) 0 (0) 1 (4)
Asian 3 (6) 2 (9) 1 (4)
White 46 (92) 21 (91) 25 (93)

Body mass index (kg/m2), mean � SD 27.0�6.2 27.6�8.2 26.5�3.7
Comorbidities, No. (%)

History of smoking 29 (60) 11 (48) 18 (72)
History of hypertension 43 (86) 20 (87) 23 (85)
History of CAD 13 (26) 6 (26) 7 (26)
History of MI 6 (12) 2 (9) 4 (15)
History of DM 12 (24) 6 (26) 6 (22)
History of heart failure 5 (10) 2 (9) 3 (11)

Total cholesterol (mg/dL), mean � SD 182.2�40.0 183.3�44.2 181.2�36.5
Ejection fraction (%) 56.9�12.0 56.5�13.9 57.4�9.9
GFR (mL/min/1.73 m2), mean � SD 50.9�24.8 41.3�26.5 59.1�20.4
GFR <60 mL/min/1.73 m2, No. (%) 34 (68) 20 (87) 14 (52)
Highest systolic BP (mm Hg), mean � SD 230.7�21.8 236.6�23.8 225.6�18.9
Highest diastolic BP (mm Hg), mean � SD 110.8�24.8 111.0�25.1 110.7�25.0
No. of comorbidities, mean � SD 2.3�1.2 2.3�1.5 2.3�1.0
No. of discharge medications, mean � SD 2.9�1.6 3.0�1.8 2.9�1.4
Length of hospitalization stay (d), mean � SD 5.3�7.1 7.6�9.2 3.4�3.8

aAKI ¼ acute kidney injury; BP ¼ blood pressure; CAD ¼ coronary artery disease; DM ¼ diabetes mellitus; GFR ¼ glomerular filtration
rate; MI ¼ myocardial infarction.
bSI conversion factors: To convert total cholesterol values to mmol/L, multiply by 0.0259.
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statistical significance. Statistical significance is
defined as a 2-tailed P value of less than .05.
Statistical analyses were completed with SAS
9.4 (SAS Institute).
RESULTS

Baseline Characteristics
Between January 1, 2000, and December 31,
2008, there were 50 patients from Olmsted
County whomet the inclusion criteria of having
a primary hospitalization discharge diagnosis of
hypertensive crisis (defined as systolic blood
pressure above 180 mm Hg or diastolic blood
pressure above 120 mm Hg), with creatinine
monitoring during hospitalization. Demo-
graphic analysis showed the mean age of the
study population to be 67 years, with a larger
proportion being female (58%). A large propor-
tion of patients, 68%, had CKD as defined by an
eGFR of less than 60 mL/min calculated by the
Modification of Diet in Renal Disease method.
The most prevalent cardiovascular comorbidity
Mayo Clin Proc Inn Qual Out n June 2018
was hypertension (86%). Table 1 presents the
full baseline characteristics, including demo-
graphic data and cardiovascular comorbidities,
of the overall study population subdivided into
those who did or did not develop AKI during
hospitalization.
Risk of AKI Development
The 50 patients identified for this study were
subdivided into those who, during hospitaliza-
tion, did or did not develop AKI. Those in the
AKI group had lower average admission GFR
compared with those in the non-AKI group
(41.3 vs 59.1 mL/min per 1.73 m2; P¼.01).
There was a greater proportion of those with
reduced GFR on admission in the AKI vs
non-AKI group (87% vs 52%; P¼.008). Multi-
variate analyses with age and sex adjustment
showed that those with underlying CKD
were more likely to develop AKI during hospi-
talization (odds ratio, 6.04; 95% CI, 1-26;
P¼.02).
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TABLE 2. Intravenous Antihypertensive Agents Administered During Hospitalizationa,b

Variable Overall (N¼50) AKI (n¼23) No AKI (n¼27) P value

ACE inhibitors 1 (2) 1 (4) 0 (0) .27
Calcium channel blockers 3 (6) 2 (9) 1 (4) .46
Nitrates 12 (24) 7 (30) 5 (19) .33
Diuretics 5 (10) 4 (17) 1 (4) .11
b-Blockers 18 (36) 9 (39) 9 (33) .67
Benzodiazepine 1 (2) 1 (4) 0 (0) .27
Hydralazine 2 (4) 0 (0) 2 (7) .18

aACE ¼ angiotensin-converting enzyme; AKI ¼ acute kidney injury.
bData are presented as No. (percentage) of patients.

VASCULAR-RENAL CONNECTION IN HYPERTENSIVE CRISIS
The in-hospital types of antihypertensive
medications administered among those who
did develop AKI vs those who did not are pre-
sented in Table 2.
Hospitalization Duration
Among those hospitalized for hypertensive
crises, those who developed AKI irrespective
of the baseline eGFR had a significantly longer
hospital length of stay (7.6�9 vs 3.4�4 days;
P¼.04). Furthermore, multivariate analysis
with age and sex adjustment revealed that
AKI development during hypertensive crisis
hospitalization was associated with longer
length of hospitalization (parameter estimate,
4.64; 95% CI, 0.78-8.50; P¼.02).
Long-term Outcomes for Those Hospitalized
With Hypertensive Crisis
Cardiac Rehospitalization. Those who devel-
oped AKI had increased frequency of cardiac
rehospitalization, both at 3 years (62% vs
24%; P¼.03) and at 10 years (87% vs 46%;
P¼.009) (Figure 1). Multivariate analysis
with age and sex adjustment showed that AKI
development was a predictor of cardiac reho-
spitalization (hazard ratio, 4.20; 95% CI, 1.85-
9.52; P<.001). Use of a particular antihyper-
tensive medication class on admission, such
as angiotensin-converting enzyme inhibitors,
b-blockers, diuretics, calcium channel
blockers, or nitrates, was not found to be
associated with increased cardiac rehospitali-
zation rates.

Heart Failure. There was no significant asso-
ciation between AKI development and reho-
spitalization due to HF (P¼.09), or incident
HF (P¼.56).
Mayo Clin Proc Inn Qual Out n June 2018;2(2):148-154 n https://d
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Mortality. Among those hospitalized with
hypertensive crisis, there was no statistically
significant difference in 1-, 3-, or 10-year
mortality among groups with or without
CKD (P>.05). Overall, there was no signifi-
cant association between AKI development
and mortality (P¼.78) (Figure 2).

Multivariate analysis, adjusting for age and
sex, did not show that length of hospitaliza-
tion (hazard ratio, 1.04; 95% CI, 0.99-1.09;
P¼.09) was a predictor of all-cause mortality
among those hospitalized with hypertensive
crisis.
DISCUSSION
The main findings of this study are as follows:
underlying CKD was a risk factor for AKI
development during hospitalization for a
hypertensive crisis; and those who developed
AKI during hospitalization had worse short-
and long-term rehospitalization outcomes.

The results of this study demonstrated that
those with underlying CKD are predisposed to
AKI development in hypertensive crisis. While
the exact pathophysiologic mechanism
remains incompletely defined, it can be hypoth-
esized that those with poor renal reserve,
coupled with a hypertensive crisis, are more
likely to develop decreased renal perfusion
and neurohormonal dysregulation. Chronic
hypertension detrimentally affects kidney func-
tion, and hypertension leading to end-stage
renal disease has been extensively studied.7

The pathophysiology includes renal vascula-
ture remodeling and dysregulation of the
renin-angiotensin-aldosterone pathway. Poor
renal function can lead to alterations in blood
pressure by fluid imbalance and dysfunction
of the renin-angiotensin-aldosterone system.
oi.org/10.1016/j.mayocpiqo.2018.01.003 151
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FIGURE 1. Kaplan-Meier cardiac rehospitalization for patients who devel-
oped acute kidney injury during hospitalization. AKI ¼ acute kidney injury.
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Furthermore, evaluation of hypertensive crisis
patients revealed that plasma renin and aldoste-
roneweremarkedly elevated, suggesting neuro-
hormonally mediated renal dysfunction and
vascular damage.8

In addition to neurohormonal dysfunction
in hypertensive crisis, kidney injury results
AKI No AKI

3 4 5 6 7 8 9 10

17) 0.61 (14) 0.57 (13) 0.57 (12) 0.45 (7)
24) 0.85 (23) 0.67 (18) 0.48 (12) 0.43 (8)

Time (y)

mortality for patients who developed acute kidney
on. AKI ¼ acute kidney injury.

Mayo Clin Proc Inn Qual Out n June 2018
from abnormalities in renal vascular autoregula-
tion.9 Normally, when renal perfusion
pressure decreases and blood flow to the kid-
neys is reduced, autoregulation results in the
reduction of vascular resistance to normalize
blood flow. However, in hypertensive crisis,
the kidney’s autoregulatory mechanism is
impaired. Additional mechanisms for vascular
injury and renal dysfunction include immune-
and inflammatory-mediated fibrosis. Histologi-
cal evaluation of patients with hypertensive
crisis associated with nephropathy in previous
studies has demonstrated an arteriolar onion
skin pattern on renal biopsy.10 Animal models
have been used to demonstrate the importance
of inflammation and stress in hypertensive-
mediated vascular and renal injury.11 Methyl-
glyoxal, part of the carbonyl stress pathway,
has been implicated in hypertension-mediated
renal injury and kidney sclerosis due to inflam-
mation and oxidative stress.12 Similarly,
chemokine ligand 16 may be responsible for
immune-mediated renal dysfunction in hyper-
tension, and knockout mice demonstrated pro-
tective features against renal fibrosis and
dysfunction.13 In summary, dysfunction of the
renin-angiotensin-aldosterone system, dysfunc-
tion of autoregulation, and inflammation- and
immune-mediated renal vascular fibrosis may
contribute to kidney injury with hypertensive
crisis. The findings in this study are likely multi-
factorial, and further mechanistic research is
necessary to elucidate the pathophysiology of
AKI in hypertensive crisis.

The findings of this study are consistent
with and extend previous research in hyper-
tensive crisis. Szczech et al5 concluded, on
the basis of Studying the Treatment of Acute
Hypertension registry, that patients admitted
to the hospital with acute severe hypertension
often have concurrent CKD5 and that addi-
tional AKI leads to an increased risk of
short-term (90-day) mortality and morbidity.5

The current study is the first, to our knowl-
edge, to report increased long-term morbidity
(up to 10 years) associated with AKI develop-
ment in the hypertensive crisis population.
Specifically, we found that increased cardiac
rehospitalization rates persisted up to 10
years. Furthermore, although there was a
trend for greater mortality up to 3 years
among the AKI population, there was no mor-
tality difference at 10 years.
;2(2):148-154 n https://doi.org/10.1016/j.mayocpiqo.2018.01.003
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VASCULAR-RENAL CONNECTION IN HYPERTENSIVE CRISIS
Limitations
This is a single-center retrospective analysis of
patients hospitalized for hypertensive crisis.
Given the nature of this study, no causal rela-
tionship can be inferred given the presence of
possible confounders contributing to renal
dysfunction. While one of the strengths of
the study is the close follow-up of patients
given that they were from a single county,
the demographic characteristics may also limit
generalizability or extrapolation of results to
different populations. The use of coding data
is a limitation of this study. Although the med-
ical records of patients were reviewed to
confirm that hypertensive crisis was present,
there may have been selection bias because
some patients with hypertensive crisis during
the study period may not have been included
if the appropriate diagnoses were not coded by
the clinician. The study population is predom-
inantly white, and thus this limits extrapola-
tion of outcomes in other racial and ethnic
groups. The retrospective nature of this study
also limited the amount of renal injury
markers that could be collected. Study limita-
tions also include the small sample size, which
may increase the risk for type I and type II er-
rors. The study did not find any association
between AKI and mortality, and this may be
due to the low power of the study. Future pro-
spective studies with longitudinal follow-up
and frequent creatinine measures may investi-
gate the long-term progression of CKD after
hospitalization for hypertensive crisis and AKI.
Perspectives
This study demonstrated underlying CKD to be
a risk factor for AKI development during hospi-
talization for a hypertensive crisis. Furthermore,
those who developed AKI during hospitalization
had worse short- and long-term rehospitaliza-
tion outcomes. Dysfunction of the renin-
angiotensin-aldosterone system, dysfunction
of autoregulation, and inflammation- and
immune-mediated renal vascular fibrosis may
be important in the pathophysiology of renal
dysfunction with hypertensive crisis. Future
large prospective studies are necessary to both
identify those at risk of AKI development and
tailor medication management and antihyper-
tensive regimen to best preserve renal function
and improve long-term outcomes. Currently,
Mayo Clin Proc Inn Qual Out n June 2018;2(2):148-154 n https://d
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drug selection for hypertensive crisis manage-
ment is highly provider-dependent, and there-
fore, a better understanding of the different
phenotypes of the hospitalized population will
help guide the clinician in choosing the most
appropriate agent. Renal preservation should
be a main goal of hypertensive crisis treatment,
and the intricate cardiorenal relationship in
acute hypertension may result in the develop-
ment of a new generation of pharmacologic
agents that have both beneficial blood pressure
lowering and renal perfusion effects.14,15
CONCLUSION
In patients hospitalized for hypertensive
crisis, chronic renal insufficiency was a risk
factor associated with AKI development dur-
ing hospitalization. Those who developed
AKI had longer hospitalizations with
increased rehospitalization frequency. Future
studies are warranted to determine whether
the preservation of renal function will
improve outcomes in hospitalized patients
with hypertensive crisis.
Abbreviations and Acronyms: AKI = acute kidney injury;
BUN = blood urea nitrogen; CKD = chronic kidney disease;
eGFR = estimated glomerular filtration rate; GFR =
glomerular filtration rate; HF = heart failure
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