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Glomerular Filtration Rate is Associated with Hemorrhagic
Transformation in Acute Ischemic Stroke Patients without
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Background: Whether there is a relationship between glomerular filtration rate (GFR) and hemorrhagic transformation (HT) after acute
ischemic stroke (AIS) is still under debate. The aim of our study was to determine whether the GFR level is a predictor of HT in AIS
patients without thrombolytic therapy (TT).

Methods: Consecutive AIS patients without TT were included in this prospective study from January 2014 to December 2016 in the
First Affiliated Hospital of Chongqing Medical University. We divided them into two groups (HT and non-HT group) and meticulously
collected baseline characteristics and laboratory and imaging data of interested individuals. Multivariate regression analysis was performed
to assess the correlation between GFR and HT in stroke patients without TT.

Results: Among 426 consecutive patients, 74 (17.3%) presented HT (mean age: 65 + 12 years, number of male patients: 47) on the
follow-up scans. In multivariate regression analysis, HT was significantly associated with low GFR (odds ratio [OR] = 3.708, confidence
interval [CI]=1.326-10.693, P=0.013), atrial fibrillation (AF; OR =2.444, CI=1.087-5.356, P=0.027), large cerebral infarction (OR =2.583,
CI=1.236-5.262, P=0.010), and hypoalbuminemia (HA; OR = 4.814, CI = 1.054-22.153, P =0.037) for AIS patients without TT.
Conclusions: The present study strongly showed that lower GFR is an independently predictor of HT; in addition, large infarct volume,
AF, and HA are also important risks of HT for AIS patients without TT, which offered a practical information that risk factors should be
paid attention or eliminated to prevent HT for stroke patients though the level of evidence seems to be unstable.
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same time increased the risk of HT.["'! Therefore, identifying
some risk factors predisposing to HT may lead to new
preventive strategies. The incidence of kidney dysfunction
is higher in stroke patients and, in turn, kidney damage is an
important predictor of mortality and all devastating vascular

INTRODUCTION

Acute ischemic stroke (AIS) is one of the leading causes of
mortality and severe disability worldwide.["* Hemorrhagic
transformation (HT), a frequent complication of AIS, may

be a natural evolutional consequence in all infarcts to some
degreeP* and up to 40% or even 43% of patients with
ischemic stroke.”¥) HT is related to higher mortality, early
neurological deterioration, and worse long-term functional
outcome, not only for patients with symptomatic HT (sHT)!"*
but also for those with asymptomatic HT (aHT).”!% The
acquisition of HT is more important social concern when
interventional management (intravenous or intra-arterial
thrombolysis and endovascular therapy) are increasingly
used due to which may increase recanalization rate, but at the
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events in patients with AIS.I'*3] Some studies reported that
kidney dysfunction is a risk factor for ischemic stroke;!'*!!
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meanwhile, hemorrhage stroke was significantly associated
with kidney dysfunction in some other studies.!'*!”? Whether
there was an association between kidney dysfunction and
HT in AIS patients is still under debate. Some studies!'®!)
showed a strongly negative association between glomerular
filtration rate (GFR) and HT after ischemic stroke, while
Micozkadioglu et al. demonstrated that no significant
relationship existed between GFR and HT after ischemic
stroke.?”) The aim of our prospective study was to
determine whether the GFR level is associated with HT in
consecutive AIS patients without thrombolytic therapy (TT)
so as to eliminate the effect of thrombolysis, as a leading
confounding factor for HT.

MeTtHoDS

Ethical approval

The study was conducted in accordance with the Ethical
Standards of the Institutional and/or National Research
Committee and with the Declaration of Helsinki. The Ethics
Committee of the First Affiliated Hospital of Chongqing
Medical University approved the study, and all patients
signed informed consent.

Study population

We analyzed consecutive patients admitted to the First
Affiliated Hospital of Chongqing Medical University who
were diagnosed as AISP" without TT between January 2014
and December 2016 in this prospective study. Patients who
did not undergo repeated computed tomography (CT) or
magnetic resonance imaging (MRI) during hospital period,
died, or discharged in 72 h and who had complicated
bleeding tendency diseases were excluded.

Clinical and laboratory examinations

The clinical, laboratory, and imaging data were collected
at admission. Diabetes mellitus (DM) was defined
according to the following criteria: previous use of
insulin or oral antihyperglycemic agent, fasting blooding
glucose >7.0 mmol/L or postprandial blood glucose
after 2 h >11.1 mmol/L, or glycosylated hemoglobin
levels >6.5%.%21 Hypertension was defined as previous
hypertension and taking antihypertensive medication,
systolic blood pressure (BP) >140 mmHg (1 mmHg=0.133
kPa), or diastolic BP >90 mmHg.??! Atrial fibrillation (AF)
was defined as prior AF history before stroke, long-term
use of anticoagulant agent, and AF in admission indicated
by electrocardiogram.?®! Large cerebral infarction was
defined as infarction area is larger than 3 cm and involved
main supply area from two large blood vessels of brain
anatomical site main supply area.**! A value of 30 g/L was
used to discriminate patients with hypoalbuminemia (HA)
from a normal serum albumin, because this degree of HA is
associated with more significant clinical consequences and
more optimal benefit from therapy.*)

GFR was estimated using the Modification of Diet in Renal
Disease method equation.? Identification of kidney damage
was established based on the Kidney Disease Outcomes

Quality Initiative of the National Kidney Foundation
guidelines.”

HT was defined as secondary bleeding in infarction area
and it was categorized as hemorrhagic infarction and
parenchymal hematoma.?® HI was defined as a petechial
infarction without space-occupying effect (subclassified as,
HI1: small petechiae along the margins of the infarct; HI2:
more confluent petechiae within the infarcted area), while
PH was defined as hemorrhage with space-occupying effect
(subclassified as, PH 1: hematoma in <30 of the infarcted
area with some slight space-occupying effect; PH 2: dense
hematoma in >30% of the infarct area with substantial
space-occupying effect or any hemorrhagic lesion outside the
infarct area.l”! In cases of more than one hemorrhagic lesion
on imaging, the worst possible HT category was assumed.B”
All patients underwent a follow-up brain CT or MRI images
during hospitalization and identification of HT based on the
consensus reached by a neurologist and radiologist.

Statistical analysis

Statistical analyses were performed using the SPSS 22.2
software package (SPSS Inc., IBM, New York, USA).
Continuous variables were analyzed by the Student’s #-test,
and the Chi-squared or Fisher’s exact test was used to analyze
categorical variables. Univariate tests were used to compare
baseline characteristics between two groups. All variables
were subjected to multivariate regression analysis to identify
independently predictors for HT. A significant difference was
taken at P <0.05 and 95% confidence interval (CI) was given.

ResuLts

Among 426 consecutive patients included in the analysis,
74 had HT (mean age: 65 + 12 years, number of male patients:
47) on follow-up scans while 352 had no HT (mean age:
64 £ 11 years, male: 211). With regard to the HT prevalence,
the present study revealed a similar HT rate (17.3%) with
the previous studies.''®27 The baseline characteristics
including clinical, laboratory, and radiological variables of
patients (e.g., body mass index [BMI], prior stroke history,
DM, hypertension, AF, large cerebral infarction, serum urea
nitrogen, albumin and creatinine, and estimated GFR) with
and without HT are shown in Table 1.

In univariate analysis, HT was apparently associated
with the presence of hypertension disease (odds ratio
[OR]=0.463, CI=0.276-0.774, P=0.003), AF (OR=3.814,
CI = 1.870-7.775, P < 0.001), large cerebral infarction
(OR=2.883, CI=1.506-5.520, P=0.001), serum albumin
level (OR=4.971, CI=1.214-20.353, P <0.001), and low
GFR (alow calculated GFR with a value <60 ml-min~'-1.73
m 2 was defined low GFR) based on the value of estimated
GFR (OR =1.993, CI=0.994-3.995, P = 0.048); however,
no significant difference existed in other variables such
as age (P = 0.502), gender (P = 0.431), BMI (P = 0.222),
prior stroke history (P = 0.148), DM (P = 0.765), serum
urea nitrogen (P = 0.475), and serum creatinine (P = 0.501)
between HT group and NHT group.
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In multivariate regression analysis, low GFR (OR = 3.708,
CI = 1.326-10.693, P = 0.013) independently predicted
higher risk of HT for AIS patients who did not receive
thrombolysis therapy; moreover, HT was also significantly
associated with AF (OR=2.444, CI=1.087-5.356, P=0.027),
large cerebral infarction (OR = 2.583, CI = 1.236-5.262,
P =0.010), and HA (OR = 4.814, CI = 1.054-22.153,
P =0.037). In addition, HT was inversely associated with
hypertension disease (OR = 0.472, CI = 0.268-0.816,
P=0.008). As expected, all of these indicated the robustness
of the conclusions. The results of the individuals regarding
HT based on the multivariate regression analyses are
summarized in Table 2.

Discussion

AIS is a devastating disease with often followed by
subsequent HT, which further aggravated the already
devastating clinical condition. Many of available therapeutic

strategies are limited by an increased risk of HT though
regarding to emergent management of AIS tremendous
advances has been made. After onset of AIS, the reduction
in ATP and Na*/K*-ATPase activation could lead to a variety
of metabolic derangement and a complex infarct region
by oxidative stress, excitotoxicity, necrosis, apoptosis,
and matrix proteolysis,?!! which collectively lead to the
breakdown of the blood-brain barrier (BBB), and at the
same time, a neuroinflammatory response also further
perturbs homeostasis and cerebrovascular anatomy.®>**! The
consequent breakdown of BBB predisposes to HT when
the ischemic issue obtains reperfusion eventually.3¥
Some studies showed that the degree of anatomical and
physiological disruption greatly depended on the duration
of'ischemia,’*> which is also consistent with the mechanisms
that HT is associated with increased vascular permeability
within 72 h after onset!'® while another one is spontaneous
restoration of blood circulation in the capillary bed during

Table 1: Baseline characteristics of stroke patients with and without HT

Variables HT (n = 74) NHT (n = 352) OR (95% CI) P
Age (years) 65.69 +12.79 64.61 £11.58 0.502
Male, n (%) 48 (64.9) 211 (59.9) 1.232 (0.731-2.081) 0.431
BMI (kg/m?) 23.61 +£3.06 23.07 +£3.26 0.222
Diabetes mellitus, 7 (%) 14 (18.9) 72 (20.5) 0.907 (0.480-1.715) 0.765
Hypertension, n (%) 28 (37.8) 200 (56.8) 0.463 (0.276-0.774) 0.003*
Atrial fibrillation, n (%) 15(20.3) 22 (6.3) 3.814 (1.870-7.775) <0.001*
Large infarct volume, n (%) 17 (23.0) 33(9.4) 2.883 (1.506-5.520) 0.001*
Prior stroke history, n (%) 7(9.5) 18 (5.1) 1.939 (0.779—4.824) 0.148
GFR, n (%)
<60 ml'min'-1.73 m 13 (17.6) 34(9.7) 1.993 (0.994-3.995) 0.048*
>60 ml'min~'-1.73 m™ 61(82.4) 318(90.3)
Serum creatinine, n (%)
>81 pmol/L 22 (29.7) 120 (34.1) 0.818 (0.474-1.411) 0.501
<81 umol/L 52(70.3) 232 (65.9)
Serum urea nitrogen, n (%)
>8.8 mmol/L 8(10.8) 29 (8.2) 1.350 (0.591-3.085) 0.475
<8.8 mmol/L 66 (89.2) 323 (91.8)
Hypoalbuminemia, 1 (%) 4(54) 4(1.1) 4.971 (1.214-20.353) <0.001*

*P<0.05. Date are presented as number of patients or means + SD. HT: Hemorrhage transformation; NHT: No hemorrhage transformation; OR: Odds
ratio; GFR: Glomerular filtration rate; BMI: Body mass index; CI: Confidence interval; SD: Standard deviation.

Table 2: Multiple logistic regression analysis between factors and HT in AIS patients without TT

Variables B OR (95% CI) P
Aged (age >80 years) —1.485 0.841 (0.305-2.031) 0.716
Obesity (BMI >28 kg/m?) 0.370 1.447 (0.564-3.382) 0.414
Diabetes —0.113 0.893 (0.432-1.742) 0.749
Hypertension —0.752 0.472 (0.268-0.816) 0.008%*
Atrial fibrillation 0.894 2.444 (1.087-5.356) 0.027%*
Large infarct volume 0.950 2.583 (1.236-5.262) 0.010%
Prior stroke history 0.931 1.478 (0.513-3.837) 0.441
Low GFR (<60 ml'min™"-1.73 m™) 1.310 3.708 (1.326-10.693) 0.013%*
High serum creatinine (>81 pmol/L) —0.730 0.482 (0.208-1.009) 0.067
High BUN (>8.8 mmol/L) 0.090 1.094 (0.409-2.649) 0.849
Hypoalbuminemia 1.571 4.814 (1.054-22.153) 0.037*

*P<0.05. OR: Odds ratio; GFR: Glomerular filtration rate; BUN: Blood urea nitrogen; BMI: Body mass index; CI: Confidence interval; TT: Thrombolytic

therapy; AIS: Acute ischemic stroke; HT: Hemorrhage transformation.
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the first 2 weeks.!'835] Therefore, it is necessary to identify
risk factors or precipitants for HT aimed to take feasible
measures to prevent hemorrhage in setting of AIS when
the mechanisms of HT are mainly clear. Importantly, it has
appeared that matrix metalloproteinase-9 activity,*¢! AF,['8]
large infarct volume,!'”*"! hypertension, albuminuria,>”’
hyperglycemia,*” and thrombolysis therapy™'#? were
predictors for HT. Unfortunately, little data were existed to
confirm whether the renal insufficient may contribute to HT.

The present study demonstrated that low GFR was associated
with increased risk of HT for AIS patients who did not
receive thrombolysis therapy, which is in line with the result
of two previous studies,!'*'” but slightly discriminating with
the study of Micozkadioglu et al.?” Nevertheless, it is worth
mentioning that previous data possessed some unsolved
restriction. In Lee et al.’s!"® study, the most disadvantage
is the inclusion of some patients with thrombolysis. As in
the previous study,'!) TT was revealed as the leading risk
of HT in AIS patients. The actual correlation between GFR
and HT could be confounded by TT due to TT are more
strongly responsible for the increased HT risk rather than
impaired renal function.['"® Actually, the correlation between
levels of GFR and HT was more evident in patients without
TT. In addition, relatively small-scale size and inclusion of
individuals with thrombolysis were obviously limitations for
Marsh et al.’s!" study, which are also particularly prone to
lead to bias. Regarding the different results of Micozkadioglu
et al’s study, it was attributed to only conducting the
univariate analysis for variable of interest. They did not
performed multivariate regression analysis to eliminate
the confounding factors for GFR variable (e.g., carotid
artery disease,”” serum calcium,?” AF,['® large infarct
volume,!'3" hypertension, and albuminuria®®'), which
are powerful impact factors on HT for AIS patients and
could cover or even inverse the actually correlation between
GFR and HT. In our study, the inclusion of patients without
thrombolysis only represents the considerable strengths, and
multivariate regression analysis was also performed to ensure
the robustness of the conclusions.

It has been well accepted that GFR is the best
measure of overall kidney function for disease and the
GFR <60 ml'min™'-1.73 m™ means a half or more loss of
renal function. What proposed mechanisms could explain
the association between renal insufficient and HT? It
has been appeared that renal insufficient has a bleeding
tendency due to platelet dysfunction and induces abnormal
platelet—vessel wall interaction.[¥! Renal dysfunction was
related to endothelial dysfunction and inflammation, which
could accelerate vascular activation and leukocyte infiltration
in the process of hemorrhage converting.'! A few studies
showed that renal dysfunction could increase the hemorrhage
microangiopathy and lead to brain hemorrhage at last when
renal impairment is related to cerebral small-vessel disease. It
may contribute to the lack of nitric oxide (NO) when NO has
a function in adjusting microcirculation and BBB."#*] Renal
insufficiency increases the risk of cardioembolic infarction

partly through the induction of AF because AF increased
with decline in renal function. s In addition, AF and large
infarct volume induced by cardioembolic infarction were
also associated with HT.['?7 Furthermore, the disturbances
in the coagulation system coupled with an altered response
to medication may be a predictor of HT in CKD patients.[*”
The correlation between serum urea nitrogen and creatinine
and HT was not found in the study. This raises the possibility
that serum urea nitrogen and creatinine are affected by
a lot of extrarenal factors such as the excess production
from high-protein diet, gastrointestinal bleeding, trauma,
infection, fever, and malnutrition, as a result, leading to an
obviously increased serum urea. In addition, the level of
serum creatinine will also increase at situations of taking
drugs (e.g., methoxamine and cimetidine) or other nonrenal
disease (e.g., hyperthyroidism and acromegaly) without the
rise of GFR.[*!I To our knowledge, a single measurement of
serum creatinine is not an ideal measure of renal function,
not as sensitive and accurate as the GFR, which could lead
to cover the actual correlation between renal function and
HT.®I Thus, little data existed on the relation of HT and serum
urea nitrogen and creatinine to now and further investigations
are still warranted.

In line with the previous studies,!!”18374041 our study also
disclosed that large cerebral infarction, AF, and HA are
associated with increased risk of HT for AIS patients. It
will appear massive cerebral edema and severe BBB
damage when patients exist large infarction volume,
which could accelerate microvascular injury, facilitate
HT rate, and expand hemorrhage size after reperfusion.k”
The presence of AF is associated with greater volumes
of more severe hypoperfusion, most likely attributable to
poorer collateral circulation quality in AIS patients. This
results in the increased infarct growth, higher final infarct
volume, and more frequent severe HT.[*! The upper of HT
in HA patients may attributed to the absence of effect from
albumin. Because albumin has been proved to be markedly
neuroprotective in AIS and traumatic brain injury based on
the theories of directly protecting both parenchymal and
vascular elements of the brain, maintaining microvascular
integrity, diminishing brain edema, inhibiting endothelial cell
apoptosis, transporting fatty acids to the post-stroke brain,
and exerting antioxidant effects.’'¥ In addition, our finding
is consistent with new discovery by recent study!! that low
level of serum albumin within 24 h was an independent
predictor of HT.

Although hypertension has been thought to predict
subsequent HT after AIS in some studies,**** our data
did not support the hypothesis that hypertension is a
risk of increasing HT, but a protective factor for HT in
nonthrombolysis patients, which seemed to violate the
possible mechanism that the increased hydrodynamic
pressure would provide an increased driving force as blood
extravasates into the brain after a more abrupt reperfusion
profile on clot lysis.*® However, lower recanalization rate
and reperfusion often occur in nonthrombolytic patients and
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therefore HT occurs rare when blood flow did not restore
even in high-blood pressure condition. On the contrary, mild
increased blood pressure facilitated collateral circulation and
improved functional outcome in the unrecanalyzed patients;
furthermore, the lower blood pressure may result in additional
cerebral ischemia, especially in unrecanalyzed patients.’!
Unfortunately, the underlying reason of correlation between
HT and hypertension in patients without thrombolysis is
poorly understood; therefore, more studies are required to
elucidate the potential mechanism.

This study systematically determines the correlation between
GFR and HT through sufficiently selected patients without
TT in order to completely control the largest confounding
factor of thrombolysis for the analysis of actual correlation
between GFR and HT. However, some limitations should also
be mentioned before generalizing the present findings. First,
this is a prospective analysis and it is difficult to account for
some unmeasured variables that likely influenced HT such
as smoking history and serum lipid. Second, the study is
single center-based sample size, allowing the possibility of
type I errors. Third, we investigated the total HT rather than
sHT that associated with worse functional outcome due to
small sample size. Nevertheless, HT itself has an influence
on worse outcome even aHT was also associated with poor
outcome after AIS.'% Thus, our conclusion should also
be reached with caution before further large-scale research
with addressing the aforementioned limitations confirmed
our findings.

In conclusion, the present study strongly showed that lower
GFR is an independent predictor of HT, and in addition,
large infarct volume, AF, and HA are also important
risks of HT for AIS patients without TT, which offered
a practical information that risk factors should be paid
attention (e.g., large infarct volume and AF), improved
(e.g., GFR), or eliminated (e.g., HA) to prevent HT for
stroke patients though the level of evidence seems to be
unstable. However, further large-scale researches are
urgently needed to confirm our conclusions and determined
their actual potential.
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