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Renal and Bone Toxicity with the Use of Tenofovir:
Understanding at the End
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Abstract

The use of tenofovir disoproxil fumarate has been associated with side effects on renal function and bone
mineral density, but whether this toxicity is of clinical relevance in the middle or long term is highly
debated. Current knowledge supports that the use of and time on tenofovir disoproxil fumarate, modulated
by other factors such as age, baseline renal function, or classical risk factors, could led to progressive
wasting in the urine of low molecular weight proteins, phosphate, uric acid, or glucose. This “partial”
Fanconi syndrome seems to be slowly progressive, with increases in the proportion of patients and in the
severity of different tubular abnormalities with the long term use of tenofovir disoproxil fumarate. Although
progression to chronic kidney disease is relatively rare in patients on tenofovir disoproxil fumarate, in part
attributed to the capacity of kidneys to compensate for loss of functioning nephrons, the severity of tubular
dysfunction is associated with greater kidney function decline. In large cohorts, the use of tenofovir
disoproxil fumarate is one of the main risk factors associated to chronic kidney disease. In addition,
hyperphosphaturia secondary to tubular dysfunction could alter the interplay between bone, kidney, and
regulatory hormones, leading to progressive bone loss in a similar manner, but in a lesser extent, to
hypophosphatemic osteomalacia observed in the Fanconi syndrome. This component of osteomalacia
secondary to altered phosphate metabolism explains the partial improvement observed with vitamin D
supplementation, the association with altered bone-specific alkaline phosphatase, and the rapid benefit in

terms of bone mineral density after tenofovir disoproxil fumarate discontinuation. (AIDS Rev. 2016;18:59-68)
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different comorbidities, including metabolic, cardiovascu-
lar, bone, and renal disease, have been shown to appear
earlier and to be more severe in HIV-infected patients
in comparison with non HIV-infected persons? in relation
with the persistence of inflammation, immune activation,
and the possible toxicity of antiretroviral drugs®.
Among these drugs, tenofovir disoproxil fumarate
(TDF), a prodrug of tenofovir (TFV), is a widely prescribed
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The widespread use of HAART has greatly reduced
morbidity and mortality in HIV-infected patients, increas-
ing life expectancy and quality of life!. On the other hand,
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However, while TDF therapy is generally well toler-
ated, with low rates of drug discontinuation, it has been
associated with effects on renal function and bone
mineral density (BMD).

TDF has been shown to have a modest effect on
decreasing estimated glomerular filtration rate (eGFR)
in clinical trials, but significantly greater in clinical co-
horts®8. The cause and clinical importance of this renal
alteration has largely remained debated. Nowadays, it
is accepted that TDF causes proximal renal tubular
toxicity?; since despite TFV is a poor substrate and
inhibitor of the mitochondrial DNA polymerase, in vitro
and animal studies support the notion that high intra-
cellular drug concentrations may induce a functionally
relevant depletion of mitochondrial DNA in the proximal
tubule cells®™0. As result, since energy derived is de-
pendent on the mitochondria of the tubule, tubular al-
teration or dysfunction is observed, with an impaired
reabsorption of low weight proteins, amino acids, glu-
cose, uric acid, bicarbonate, and phosphate followed
by spillage of these substances into the urine. Indeed,
the most severe manifestation of proximal tubular al-
teration is the Fanconi syndrome, a rare disorder con-
sisting of loss of amino acids, glucose, phosphate, and
uric acid in urine, together with polyuria, dehydration,
hypokalemia, hypophosphatemia, metabolic acidosis,
and rickets in children and osteomalacia in adults.

However, to date data about the incidence, preva-
lence, clinical significance, and evolution of tubular
abnormalities, or their correlation with kidney function
decline, are controversial. Full-blown Fanconi syndrome
is rare'!, and there are scarce data about the influence
of other factors such as hepatitis C virus (HCV) coinfec-
tion, diabetes mellitus (DM), or hypertension on tubular
parameters, or the number of tubular abnormalities of
clinical significance in terms of renal deterioration. In
fact, several studies showed a normal renal function
in presence of tubular alterations'®3, and therefore,
whether TDF is nephrotoxic in the middle or long term
is highly debated; some clinicians do not consider
tubular alteration of clinical importance if renal function
remains close to normal. Some experts even suggest
that this subclinical tubular dysfunction could not be
related to eGFR decline',

At the same time, changes in BMD have been ob-
served after the initiation of HAART, being more pro-
nounced with exposure to TDF than other antiretroviral
agents in treatment-naive and treatment-experienced
patients'. For some authors, TDF could affect bone
health by inhibiting osteoblast genes, as shown in in
vitro studies'®, or in the context of immune restoration;

in both cases this is an effect that should be limited in
time and therefore of low clinical importance. However,
data in pre-exposure prophylaxis, in an otherwise
healthy population, have shown a significant BMD de-
cline associated with TDF use with a return to normal
after TDF discontinuation'’, and discontinuing TDF is
associated with improvements in BMD'8. Unfortunately,
to date it remains unclear whether tubular dysfunction
is associated with altered BMD. Therefore, the role of
TDF, and especially the mechanisms involved in bone
evolution, continues to be a matter of research and
discussion.

Renal toxicity with tenofovir disoproxil
fumarate

Tenofovir is renally eliminated by the combined ac-
tion of passive glomerular filtration and active tubular
secretion in the proximal tubule. Tubular secretion is
mediated by uptake from plasma by the organic anion
transporters (OAT) 1 and 3, and efflux in the apical
membrane by the multidrug resistance-related protein
(MRP) 4 (and less MRP2 or MRP7) (Fig. 1). Tubular
dysfunction is thought to result from TDF accumulation
into proximal tubular cells. Intracellular accumulation
of TFV and toxicity has been demonstrated by experi-
ments showing that overexpression of OAT1 and OAT3
increases cytotoxicity, while co-transfection of MRP4
causes an incremental decrease in the effects’?!, As
first conclusion, every factor increasing plasma levels
of TFV (with a subsequent rise in OAT uptake), or that
makes the renal secretion of this drug difficult by inhi-
bition of MRP4, could led to greater intracellular ac-
cumulation of the drug and could increase the rate of
TFV-associated toxicity (Fig. 2). Thus, plasma drug
levels of TDF have been linked to a higher risk of tox-
icity??4, and recently, tubular dysfunction was found
to be associated with reduced urinary output of TFV2,
Indeed, TDF plasma levels were related with eGFR
decreases in studies of pre-exposure prophylaxis®.
Among the factors which could alter TFV intracellular
levels by inhibiting MRP4 protein, it is necessary to
mention the use of non-steroidal anti-inflammatory
drugs (NSAID), such as diclofenac or ibuprofen?, or
the concomitant use of boosted protease inhibitors?%2°,
Moreover, other drug interactions and underlying ge-
netic polymorphisms might help explain why TDF ac-
cumulates more in tubule cells in some patients.

Thus, the accumulation of TFV in the proximal tubule
cells and the effect on mitochondrial function explains
the tubular toxicity of this drug. It has been demonstrated
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Figure 1. Pathogenic mechanism explaining mitochondrial toxicity and tubular dysfunction in patients receiving tenofovir disoproxil fumarate.
MRP4: multidrug resistance-related protein 4, hOAT: human organic anion transporter.
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Figure 2. Risk factors involved in tenofovir disoproxil fumarate toxicity according to the responsible mechanism, increased plasma tenofovir
disoproxil fumarate levels vs. inhibition of transporter multidrug resistance-related protein 4. MRP4: multidrug resistance-related protein 4;
TDF: tenofovir disoproxil fumarate; NSAID: non-steroidal anti-inflammatory drug; PRTD: proximal tubular renal dysfunction; eGFR: estimated
glomerular filtration rate; BMI: body mass index; HTA: hypertension arterial; DM: diabetes mellitus.
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that the proximal tubule is intrinsically vulnerable to
mitochondrial alteration, secondary to TFV, even after
only five weeks, showing an increased number and
irregular shape of mitochondria parallel to a decrease
in mitochondrial DNA3031,

Tubular “dysfunction”

Tubular dysfunction or proximal tubular renal dys-
function (PRTD) has been defined as the presence of
two or three or more tubular abnormalities, part of al-
terations observed during Fanconi syndrome (also
called “partial” Fanconi syndrome), as a result of mito-
chondrial or cellular toxicity. Thus, impaired reabsorption
is observed of low weight molecular proteins, amino
acids, glucose, uric acid, bicarbonate, and phosphate
followed by spillage of these substances into the urine.

However, as expected, the rate and presentation of
tubular involvement varies in relation with the definition
used, the number of tubular abnormalities, the risk fac-
tors, the use of different biomarkers or tubular proteins
in the evaluation, such as beta-2-microglobulin (B2M)
or retinol-binding protein (RBP), which could be more
sensitive, or to the time on TDF before being evaluated.
Indeed, there is no clear definition of what is called
tubular “dysfunction”, a cautious term to reflect our
lack of knowledge about its clinical significance. Up to
now there are no clear concepts in the order of ap-
pearance of tubular abnormalities or the contribution
of the different parameters to a correct definition of
tubular dysfunction. Moreover, other clinical condi-
tions, such as diabetes or HCV coinfection, could con-
tribute to the prevalence of PRTD by increasing pro-
teinuria or other tubular abnormalities or by producing
latent tubular damage.

With these considerations, it is not rare that the prev-
alence of PRTD ranges between 7 and 75%. Dauchy,
et al. described PRTD (considering 2 out of 5 tubular
alterations, including B2M) in 22 out of 256 patients
(8.5%) after a median exposure to TDF of 16.3 months'?,
while Gatanaga, et al. described a prevalence of tubu-
lar damage, defined only by increased urinary B2M
level, in 30 out of 70 patients on TDF (43%) after a
mean of 13 months®. Ezinga, et al.® described one or
more tubular abnormalities in 63% of 161 patients, with
11% fulfilling the definition of PRTD (two or more tubu-
lar parameters) after a mean of 46 months on TDF.
Also, Labarga, et al.'? described a prevalence of tubu-
lar dysfunction (two or more, including B2M) of 22%
in 153 patients receiving TDF for a median time of
36 months. In a cohort including 200 patients, our group

found an overall prevalence of tubular dysfunction of
32% after a median time of five years on TDF, consid-
ering two or more abnormalities but not including
B2M34, However, it ranges from 14% for first-line TDF-
treated patients, without other classical risk factors,
after three years of TDF exposure, to 46% of patients
with concomitant HCV coinfection, hypertension, and/
or DM in the same time of exposure. Taken together,
these data confirm that tubular dysfunction is a com-
plex interplay of use of TDF and different risk factors
such as baseline renal function, age, HIV itself, HCV
coinfection, hypertension, DM, and genetic susceptibil-
ity. Also, time on TDF was found in most of studies to
be an independent factor, suggesting that PRTD
should be included in the toxicity of TDF in the mid
term, even in the absence of risk factors.

Among the different tubular abnormalities, protein-
uria and phosphaturia are the most frequently ob-
served. Proximal tubule is the part of the body that
reabsorbs almost 85% of filtered phosphate. Previous
in vitro studies have suggested that within the proximal
tubule, phosphate transport from the ultrafiltrate across
the proximal tubule epithelium is energy dependent,
particularly sensitive to mitochondrial toxicity®. Thus,
areduced tubular reabsorption of phosphate (100-[urine
phosphate x serum creatinine]/[urine creatinine x plas-
ma phosphate] x100) is observed in around 30-50%
of patients receiving TDF after a median of five years.
However, it is important to consider that phosphaturia
is part of the kidney/bone axis, and is regulated by
different hormones or substances such as 25- and
1,25-hydroxyvitamin D, parathyroid hormone (PTH),
and fibroblast growth factor-23. Indeed, although it is
more frequent than with other antiretroviral regimens,
sustained hypophosphatemia is not usual in patients
receiving TDF®, In any case, we observed a clear as-
sociation between phosphaturia and eGFR decline,
and a close and significant correlation with phospha-
temia3* (Fig. 3).

Also, significant proteinuria is found in almost half of
patients receiving TDF. We consider proteinuria when
the urinary protein to creatinine ratio is above 100 mg/gr
of creatinine, a lower limit than that usually considered
as pathologic (150-200 mg/g), but similar to the refer-
ence range for adults (115 mg/g) and to that described
when dipstick is used as screening (2+, > 100 mg/g)’.
Indeed, proteinuria of tubular origin is mainly composed
of low-molecular-weight proteins, such as B2M, RBP,
cystatin C, or N-acetyl-glucosamine, and a large amount
of proteins in urine is not expected in case of tubular
dysfunction®”. Moreover, micro- or macro-albuminuria
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Figure 3. Correlation between proteinuria and phosphaturia (fractional excretion of phosphate) in a cohort of 200 patients receiving

tenofovir disoproxil fumarate. FE: fractional excretion.

is rare and it is not useful as a marker of tubular involve-
ment. A previous study found an albumin to protein
ratio < 0.4 as highly suggestive of tubular toxicity38, but
we found that this ratio was usually < 0.2. In a cohort
of 200 patients, only 14% had an amount of total pro-
teins > 150 mg/gr of creatinine in urine, despite that
nearly half of them had other tubular abnormalities.
Other tubular abnormalities are less frequent. Gly-
cosuria in the presence of normoglycemia has been
described in 5-15% of cases. Plasma glucose is freely
filtered at the glomerulus, but in normal situations al-
most all of it is reabsorbed in the proximal tubule, and
the ability of the proximal tubule to reabsorb glucose
amplifies as the filtered load is increased by either an
elevation in plasma glucose or an increase in glomeru-
lar filtration rate®®. Again, there are controversial data
about the best threshold value for considering significant
glycosuria. Several authors consider 300 mg/dl, a figure
rarely observed in the clinic. We choose 100 mg/dl, the
limit of our laboratory in non-pregnant patients, since
confirmed glycosuria is exceptional in non-diabetic

patients. Finally, uricosuria is a clear marker of tubular
involvement, and although most studies have been
performed in patients with defects in the metabolism
of uric acid or with gout, the kidney usually regulates
circulating uric acid levels by reabsorbing about 90%
of filtered urate334°,

There is a significant relationship between the differ-
ent tubular parameters confirming the tubular origin of
these alterations (Fig. 3).

Renal function decline

As mentioned before, a meta-analysis concluded
that TDF-treated patients experienced a significant but
small loss of kidney function during the course of treat-
ment®, but randomized studies do not include a full
evaluation of tubular parameters, with the exception of
proteinuria, usually as total protein. Moreover, clinical
trials select patients without preexisting kidney function
alteration and with less risk factors. On the other hand,
the use of TDF was an independent factor for chronic
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kidney disease (CKD) in large cohorts. In the D:A:D
study, including 22,603 patients with baseline eGFR
> 90 ml/min/1.73 m2, TFV exposure was associated
with a yearly 18% increased risk of developing CKD?,
and a recent risk score includes the use of TDF as an
independent risk factor*!.

Thus, mounting evidence supports that tubular dys-
function could precede the decline in GFR. We found
a relationship between the number of tubular abnor-
malities and kidney function decline since TDF initia-
tion3, and the WIHS cohort described a strong and
independent association of the high tertiles of biomark-
ers of tubular damage with a faster rate of annual
kidney function decline among HIV-infected women#.
These data are in accordance with the independent
association between TDF and increased risk of protein-
uria, rapid decline in kidney function, and CKD’. In-
deed, increased proteinuria is a known cause of kidney
function decline, and hypothetically, the low-grade
proteinuria (tubular) observed with TDF could explain
the slow decrease of eGFR in the absence of other
classical factors.

It is important to consider that kidney damage must
occur to a significant extent before function becomes
altered, due to the ability of the remaining nephrons to
undergo hypertrophy and functionally compensate for
those that are lost*3#4. In case of original tubular altera-
tion, renal function progressively deteriorates as a con-
sequence of dysfunctional processes of tubular reab-
sorption and secretion, activation of tubular cells with
recruitment of inflammatory mediators, progressive
tubule loss and tissue scarring, and eventual damage
of other renal structures®.

In case series of HIV-infected persons with potential
TDF-related nephrotoxicity, ultrastructural evaluations
have documented acute tubular injury and necrosis
with varying degrees of chronic tubulointerstitial scarring,
which may account for a different evolution in case of
TDF interruption®.

These data suggest that the risk of CKD during TDF
is increased, but in the short term is influenced by the
interplay between time on TDF, intensity of exposure,
severity of tubular alterations, and probably individual
factors. Notably, it has been previously demonstrated
that the extent of GFR decline correlates with previous
tubular proteinuria®’, and tubular biomarkers can an-
ticipate eGFR decrease in other nephropathies*, and
recently it has been demonstrated in HIV patients*®50,
and therefore the severity of tubulointerstitial involve-
ment is a key factor in the progression of CKD, regard-
less of etiology®'-%2,

Thus, eGFR consequences may only become evident
after years of TDF therapy, with more intense tubular
involvement, a time probably longer in those who have
normal kidney function or less risks factor at TDF initiation.

Bone toxicity with tenofovir disoproxil
fumarate

HIV-infected patients show an increased prevalence
of osteopenia and osteoporosis of multifactorial origin,
including a role for HIV infection, inflammation, or im-
mune activation®. Surprisingly, however, initiation of
HAART has been associated with a reduction in BMD%,
attributed to inflammation associated with T-cell and/
or immune reconstitution, beginning as early as two
weeks and plateauing between 12 and 24 weeks post
HAART initiation.

In any case, initiation of TDF-containing antiretroviral
therapy leads to a larger reduction in BMD than regi-
mens not containing TDF, as confirmed by small or no
changes in BMD in studies of dual therapies without
TDF®. In a recent longitudinal study of patients receiv-
ing the same regimen, we found a lineal correlation
between time on therapy and lower BMD, a similar
finding to the continuation of bone decline previously
described in the long-term evaluation of the ACTG
5224s study. In addition, the use of TDF has been as-
sociated with greater increases in markers of bone
turnover®®. Furthermore, in HIV-negative patients, pre-
exposure prophylaxis studies found that initiation of
TDF is also associated with mild but significant bone
loss in otherwise healthy persons'. To highlight the
importance of this association, a large observational
study from 1988 to 2009 found that cumulative TDF
exposure was associated with an increased rate of
fractures after adjusting for classical factors of BMD
deterioration®, and recently an expert panel recom-
mended to avoid or to discontinue TDF in those pa-
tients with high risk of fracture or with osteoporosis®.

Although in vitro studies suggest that TDF may alter
gene expression in both osteoblasts and osteoclasts,
phosphaturia as part of renal tubular dysfunction should
be the putative mechanism associated with BMD de-
crease in a similar manner, but to a lesser extent, to
that observed in tumor-induced osteomalacia or in Fan-
coni syndrome®8%. Moreover, animal toxicology studies
have shown that high-dose TDF produces an osteoma-
lacia-like condition in the setting of normal renal func-
tion with subsequent fractures and bone deformities.
There have been several case reports and case series
demonstrating the appearance of hypophosphatemic
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Figure 4. Changes in bone mineral density at the femoral neck according to the number of tubular renal abnormalities in 90 patients with
two sequential dual energy X-ray absorptiometry scans (adapted with permission from Casado, et al.%%). BMD: bone mineral density.

osteomalacia in patients receiving TDF8'. Osteomala-
cia associated with Fanconi syndrome has been well
established, although it is usually seen in the setting of
hypophosphatemia, low to normal 1,25-dihydroxyvita-
min D, renal insufficiency, and chronic acidosis due to
bicarbonate wasting. In case of tubular dysfunction,
chronic phosphaturia is closely correlated with hypo-
phosphatemia, and therefore, these patients could
present low levels of phosphate in the body in spite of
normal plasma levels®. Cumulative data suggest that
TDF initially causes elevated levels of parathyroid hor-
mone (PTH), leading to increased levels of 1,25 vitamin
D as compensatory mechanism in patients with ade-
quate levels of 25 vitamin D864 with partial recovery
of serum hypophosphatemia. However, prolonged and
progressive phosphaturia, secondary to tubular dis-
ease, could alter the equilibrium between bone, kidney,
phosphate, PTH, and 1,25 vitamin D, leading to bone
loss. Indeed, maintenance of serum phosphate within
a relatively narrow range is crucial for several important
cellular processes, and it depends on a complex inter-
play between intestinal absorption of phosphate, bone

resorption, shifts between intracellular and intravascu-
lar compartments, and renal excretion, influenced by
levels of vitamin D, PTH, or other molecules such as
phosphatins®. Bone plays a major role in phosphate
homeostasis as the hydroxyapatite matrix serves as the
critical pool of phosphate, and serum phosphate levels
are mostly determined by the rate of renal excretion®.
We recently demonstrated that hyperphosphaturia
was an independent factor for BMD decline in a median
of around 3.5 years, after adjusting for age, sex, and
body mass index®. The component of osteomalacia
secondary to phosphate metabolism alteration explains
the partial improvement observed with vitamin D sup-
plementation®, the association with altered bone-spe-
cific alkaline phosphatase®”, and the rapid benefit in
terms of BMD after TDF discontinuation, suggesting a
return to normal that permits a mineralization of osteoid
matrix®8. Recently, studies have found an association
between tubular dysfunction and BMD reduction, sup-
porting this link between renal alteration and bone
involvement®® and suggesting that the presence of
tubular dysfunction indicates bone loss (Fig. 4).
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Outcome: Tenofovir disoproxil fumarate
discontinuation or change to tenofovir
alafenamide?

Partial eGFR improvement and persistent damage has
been reported after TDF discontinuation, with around
one third of patients remaining below eGFR values at
baseline’®, associated to more time on TDF or the pres-
ence of other risk factors. Thus, some of the adverse
renal effects may be reversible if TDF is withdrawn
early, but the optimal time to detect TDF kidney irre-
versibility remains unclear. In our patients discontinuing
TDF, the prevalence of PRTD decreased by 50% and
tubular abnormalities improved by 40-83% in around
one year of follow-up” (Fig. 5), with the persistence
associated again with time on TDF and, as expected,
with tubular dysfunction severity.

Tenofovir alafenamide (TAF) is novel prodrug that is
associated with TFV plasma concentrations correspond-
ing to 10% of those observed with TDF intake. In phase
[l studies, TAF lead to smaller changes in eGFR, less
proteinuria and albuminuria, smaller decreases in BMD

in naive patients, and increased BMD in treatment-
experienced patients switching from a TDF-containing
regimen. Furthermore, TAF was found to have less
decrease in mean BMD than TDF at 48 weeks, mimick-
ing the data obtained after initiation of antiretroviral
therapy, including non TDF-containing regimens. This
finding was also corroborated in patients with renal
impairment switching from TDF to TAF, with significant
increases in BMD at the spine and hip after 48 weeks’?,

Despite these data, TAF has not been compared with
other therapies not using TDF, even nucleoside ana-
logue-sparing regimens, neither with non TDF regimens
in patients with severe tubular dysfunction, with glycos-
uria or uricosuria, or in cases of osteoporosis. Therefore,
we need more data before the indication of this molecule
in high-risk patients or those severely affected.

Conclusions
Current knowledge supports that the use of and time

on TDF, modulated by other factors such as age, baseline
renal function, or classical risk factors (hypertension,
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DM, HCV coinfection), leads to the progressive wasting
in the urine of substances that are normally reabsorbed
by the proximal tubule, such as low-molecular-weight
proteins, phosphate, or glucose. This “partial” Fanconi
syndrome seems to be slowly progressive, with an
increase in the proportion of patients and in the degree
of the different tubular abnormalities with the use of
TDF. Although progression to CKD is relatively rare, in
part attributed to the capacity of the kidneys to com-
pensate for loss of functioning nephrons, the tubular
dysfunction severity is associated with greater kidney
function decline, and in large cohorts the use of TDF
is one of the main risk factors associated to CKD. In
addition, tubular alteration of phosphate metabolism
could alter the interplay between bone, kidney, and
regulatory hormones, leading to progressive loss of
bone in a similar manner to hypophosphatemic osteo-
malacia observed in Fanconi syndrome, at least in part.
Also, serum phosphate concentrations may not reliably
reflect total body phosphate depletion, nor even tubular
phosphate reabsorption. Thus, cross-sectional serum
phosphate measurements, and usual cutoffs for phos-
phaturia, may be of limited use in identifying patients
at greatest risk of bone loss, and longitudinal evaluation
is necessary. As recommendations, vitamin D supple-
mentation should be used with TDF, but in case of
advanced bone disease or in presence of other risk
factors for bone deterioration, TDF should be discon-
tinued. Although data are not conclusive, it is cautious
to not use bisphosphonates in patients receiving TDF.

As patients require lifelong antiretroviral therapy, and
in view of the increasing complexity of HIV therapeutic
management with advancing age and a higher inci-
dence of comorbidities, it is imperative for clinicians to
consider the importance of TDF-associated toxicities.
Both renal and bone toxicity can result in significant
morbidity, limiting the expectations for patients. Since
most patients could improve at least in part in case of
TDF discontinuation (and some patients with change
to TAF), its prompt recognition can result in improved
outcome for patients.
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