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INTRODUCTION

* variable degrees of insulin
resistance,

* impaired insulin secretion,

* and increased glucose
production.

Patients with diabetes mellitus are at increased risk of infections, with
the urinary tract being the most frequent infection site.

Various impairments in the immune system, in addition to poor
metabolic control of diabetes, and incomplete bladder emptying due to
autonomic neuropathy may all contribute in the
pathogenesis of urinary tract infections (UTI) in diabetic patients.

Boyko EJ, Fihn SD, Scholes D, Abraham L, Monsey B. Risk of urinary tract infection and asymptomatic bacteriuria among diabetic and nondiabetic

postmenopausal women. Am ] Epidemiol. 2005;161(6):557-564.
Shah BR, Hux JE. Quantifying the risk of infectious diseases for people with diabetes. Diabetes Care. 2003;26(2):510-513



Factors enhancing the risk for UTI in diabetics include:
Age,
Metabolic Control,

Long term complications, primarily Diabetic Nephropathy and
Cystopathy.

Brown |S,Wessells H, Chancellor MB, et al. Urologic complications of diabetes. Diabetes Care.
2005;28(1):177-185

The spectrum of UTI in these patients ranges
from asymptomatic bacteriuria (ASB) to lower

UTIl (cystitis), pyelonephritis, and severe
urosepsis.

Kofteridis DP, Papadimitraki E, Mantadakis E, et al. Effect of diabetes mellitus on the clinical and
microbiological features of hospitalized elderly patients with acute pyelonephritis.

J Am Geriatr Soc.2009;57(11):2125-2128.



* Serious complications of UTI, such as emphysematous cystitis and
pyelonephritis, renal abscesses and renal papillary necrosis, are all

encountered more frequently in type 2 diabetes than in the general
population.

Mnif MF, Kamoun M, Kacem FH, et al. Complicated urinary tract infections associated with diabetes mellitus:

pathogenesis, diagnosis and management. Indian | Endocrinol Metab. 2013;17(3):442—445.

Type 2 diabetes is not only a risk factor for community-acquired UTI but also:

For health care-associated UTI!,

Catheter-associated UTI?,

Post-renal transplant-recurrent UTI3.

I.  Datta P, Rani H, Chauhan R, Gombar S, Chander |. Health-care- associated infections: risk factors and epidemiology from an intensive care unit
in Northern India. Indian | Anaesth. 2014;58(1):30-35.

2. Lee JH, Kim SW,Yoon BI, Ha US, Sohn DW, Cho YH. Factors that affect nosocomial catheter-associated urinary tract infection in intensive care
units: 2-year experience at a single center. Korean | Urol. 2013; 54(1):59-65.

3. Lim JH, Cho JH, Lee JH, et al. Risk factors for recurrent urinary tract infection in kidney transplant recipients.T
4. ransplant Proc. 2013;45(4): 1584—1589.



Diabetics are more prone to have resistant pathogens
as the cause of their UTI, including extended-spectrum:

e B-lactamase-positive Enterobacteriaceae,?

* Fluoroquinolone-resistant uropathogens,>
 Carbapenem-resistant enterobacteriaceae,3
* YVancomycin-resistant enterococci.*

I. InnsT, Millership S, Teare L, Rice W, Reacher M. Service evaluation of selected risk factors for extended-
spectrum beta-lactamase Escherichia coli urinary tract infections: a case- ontrol study. ] Hosp Infect.
2014;88(2):116—119.

2.WuYH, Chen PL, Hung YP, Ko WC. Risk factors and clinical impact of levofloxacin or cefazolin nonsusceptibility
or ESBL production among uropathogens in adults with community-onset urinary tract infections. ] Microbiol
Immunol Infect. 2014;47(3):197-203.

3. SchechnerV, Kotlovsky T, Kazma M, et al. Asymptomatic rectal carriage of blaKPC producing carbapenem-
resistant Enterobacteriaceae: who is prone to become clinically infected? Clin Microbiol Infect. 2013;19(5):451-456.

4. Papadimitriou-Olivgeris M, Drougka E, Fligou F, et al. Risk factors for enterococcal infection and colonization by
vancomycin-resistant entero-cocci in critically ill patients. Infection. 2014;42(6):1013—1022.



Type 2 diabetes is also a risk factor for fungal UTI, mostly caused by
Candida.?

Diabetes is also associated with worse outcomes of UTI, including longer
hospitalizations and increased mortality.The increased risk of UTI among
diabetic patients, coupled with the increase in the incidence of type 2
diabetes mellitus worldwide in recent years, may impose a substantial
burden on medical costs.?

I.  Sobel D, Fisher JF, Kauffman CA, Newman CA. Candida urinary tract infections — epidemiology.
Clin Infect Dis. 201 1;52(Suppl 6): $433-5436.

2.Yu S, FuAZ, QiuY, et al. Disease burden of urinary tract infections among type 2 diabetes mellitus patients in the US.
| Diabetes Complications. 2014;28(5):621-626.

In addition, the high rates of antibiotic prescription, including broad-spectrum
antibiotics, for UTI in these patients may further induce the development of
antibiotic-resistant urinary pathogens.

Venmans LM, Hak E, Gorter K], Rutten GE. Incidence and antibiotic prescription rates for common
infections in patients with diabetes in primary care over the years 1995 to 2003.
Int | Infect Dis. 2009;13(6): e344—e351.



THE RISK OF UTIINTYPE 2
DIABETES MELLITUS

All types of UTI are more frequent in patients with
type 2 diabetes.Various studies have reported the
overall incidence of UTI among these patients.An
observational study of all patients with type 2 diabetes
in the UK general practice research database found
that the incidence rate of UTI was 46.9 per 1,000
berson-years among diabetic patients and 29.9 for
batients without diabetes.

Hirji I, Guo Z,Andersson SW, Hammar N, Gomez-Caminero A.
Incidence of urinary tract infection among patients with type 2 diabetes in the UK General
Practice Research Database (GPRD). ] Diabetes Complications. 2012;26(6):513-516.



A recent American study performed on a health service data base with
more than 70,000 patients with type 2 diabetes found that 8.2% were

diagnosed with UTI during | year (12.9% of women and 3.9% of men, with
incidence increasing with age)

Yu S,FuAZ, QiuY, et al. Disease burden of urinary tract infections among type 2 diabetes mellitus
patients in the US. | Diabetes Complications. 2014;28(5):621—-626.

Another American database study from 2014 found that a UTI diagnosis was
more common in men and women with diabetes than in those without diabetes

(9.4% vs 5.7%, respectively) among 89,790 matched pairs of patients with and
without type 2 diabetes mellitus.

FuAZ, Iglay K, QiuY, Engel S, Shankar R, Brodovicz K. Risk characterization for urinary
tract infections in subjects with newly diagnosed type 2 diabetes.
] Diabetes Complications. 2014;28(6):805-810.



ASB is more prevalent in women, due to a short urethra that is in
proximity to the warm, moist, vulvar, and perianal areas that are
colonized with enteric bacteria. ASB increases with age, and is also

associated with urinary tract abnormalities or foreign bodies (urethral
catheters, stents, etc).

Colgan R, Nicolle LE, McGlone A, Hooton TM. Asymptomatic bacteriuria in adults.
Am Fam Physician. 2006;74(6):985-990.

Nicolle LE. Asymptomatic bacteriuria. Curr Opin Infect Dis. 2014;27(1):90-96.

Many studies have reported an increased prevalence of ASB in diabetic
patients, with estimates ranging from 8%-26%

Schneeberger C, Kazemier BM, Geerlings SE. Asymptomatic bacteriuria and urinary tract
infections in special patient groups: women with diabetes mellitus and pregnant women.

Curr Opin Infect Dis.2014;27(1):108—1 14.

A meta-analysis of 22 studies, found a point prevalence of 12.2% of ASB among
diabetic patients versus 4.5% in healthy control subjects.

Renko M, Tapanainen P, Tossavainen P, Pokka T, Uhari M. Meta-analysis of the significance of
asymptomatic bacteriuria in diabetes. Diabetes Care. 201 |;34(1):230-235.



A recent prospective study of inpatients at an Indian hospital found a 30%
prevalence rate of ASB among diabetic patients.

The point prevalence of ASB was higher both in women and men, was higher in patients with
a longer duration of diabetes, and was not associated with glycemic status, as evaluated by
glycosylated hemoglobin Alc (HbA I c).

Aswani SM, Chandrashekar U, Shivashankara K, Pruthvi B. Clinical profile of urinary tract
infections in diabetics and non-diabetics. Australas Med J. 2014;7(1):29-34.

Pyelonephritis was found to be 4.1 times more frequent in pre-menopausal
diabetic women than in women without diabetes in a case control study of a
Washington State health group.

Scholes D, Hooton TM, Roberts PL, Gupta K, Stapleton AE, Stamm WE. Risk factors associated
with acute pyelonephritis in healthy women.Ann Intern Med. 2005;142(1):20-27



In a Canadian study, diabetic women (type | and 2, identified by receipt of oral
hypoglycemic or insulin therapy) were 6-15 times more frequently
hospitalized (depending upon age group) for acute pyelonephritis than non-
diabetic women, and diabetic men were hospitalized 3.4-17 times more than

non-diabetic men.

A Danish study reported patients with diabetes mellitus were 3 times more
likely to be hospitalized with pyelonephritis, as compared to subjects without
diabetes.

In men, risk of acute bacterial prostatitis, prostatic abscess, progression
to chronic prostatitis, and infections following prostatic manipulations,
such as trans-rectal prostate biopsy, is increased in patients with diabetes
mellitus.

Wen SC, Juan YS,Wang C]J, et al. Emphysematous prostatic abscess: case series study and review.
Int ] Infect Dis. 2012;16(5): e344—e349.



PATHOGENESIS, RISK FACTORS

Higher glucose concentrations in urine may promote the
growth of pathogenic bacteria.

However, several studies did not find an association between
HbA I c level, which serves as a proxy for glycosuria, and risk of
UTI among diabetic patients; also, sodium glucose
cotransporter 2 inhibitors, which increase glycosuria, were not
found to increase the rate of UTI.

High renal parenchymal glucose levels create a favorable
environment for the growth and multiplication of
microorganisms, which might be one of the precipitating
factors of pyelonephritis and renal complications such as
emphysematous pyelonephritis.

Funfstiick R, Nicolle LE, Hanefeld M, Naber KG. Urinary tract infection in patients with diabetes mellitus.
Clin Nephrol.2012;77(1):40—48.

Wang MC, Tseng CC,Wu AB, et al. Bacterial characteristics and glycemic control in diabetic patients with Escherichia
coli urinary tract infection. ] Microbiol Immunol Infect. 2013;46(1):24-29.




PATHOGENESIS, RISK FACTORS

Various impairments in
the immune system,
including humoral,

cellular, and innate
immunity may contribute
in the pathogenesis of
UTI in diabetic patients.

Lower urinary
interleukin-6 and -8 levels
were found in patients
with diabetes with ASB,
compared to those
without diabetes with
ASB.

Autonomic neuropathy
involving the
genitourinary tract results
in dysfunctional voiding
and urinary retention,
decreasing physical
bacterial clearance
through micturition,
thereby facilitating
bacterial growth.

Bladder dysfunction
occurs in 26%-85% of
diabetic women,
depending on age extent
of neuropathy and
duration of diabetic
disease, and thus should
be considered in all
diabetic patients with
UTL




PATHOGENESIS, RISK FACTORS

The release of new anti-diabetic sodium glucose cotrans-porter 2
inhibitors, which increase glycosuria, caused concern of a possible
increase in UTls, though a recent meta-analysis found similar incidences

of UTI in patients treated with canagliflozin as compared with control
groups.

Dapagliflozin was associated with a slight increase in UTI (4.8% vs 3.7%),
though no increase in pyelonephritis was found.

Ptaszynska A, Johnsson KM, Parikh §J, de Bruin TW, Apanovitch AM, List JF. Safety profile of dapagliflozin
for type 2 diabetes: pooled analysis of clinical studies for overall safety and rare events.
Drug Saf. 2014;37(10):815-829



INSULIN REGULATES AN ANTIMICROBIAL
PEPTIDE THAT IS SUPPRESSED IN PATIENTS
WITH DIABETES

Patients with diabetes mellitus are ten times more likely to suffer from UTIs than the general
population, and more likely to experience kidney injury as a result.

Recent studies have identified a particular AMP known as Reibonuclease 7 (RNase 7) as playing an
important role in shielding the urinary tract from infection. RNase 7 is one of the most abundant AMPs
in human urine, and when researchers experimentally block its antimicrobial activity in human urine,
bacteria grows more abundantly.

Researchers measured RNase 7 concentrations in urine samples from healthy children and children with
newly-diagnosed type | diabetes.

The children with diabetes had significantly lower concentrations of the AMP in their urine, but these
levels increased approximately two-to three-fold after the children began insulin therapy.These results
suggest that insulin regulates RNase 7

Overall, experiments identify a unique mechanism that could explain why patients with diabetes are at
an increased risk of UTIs: insulin contributes to urinary tract sterility by boosting the production of
RNase 7 through the PI3 kinase pathway.




PATHOGENS

The most common pathogens isolated from urine of diabetic patients with
UTI are:

Escherichia coli,

other Enterobacteriaceae such as Klebsiella spp.,
Proteus spp.,

Enterobacter spp., and

Enterococci.

Inns T, Millership S, Teare L, Rice W, Reacher M. Service evaluation of selected risk factors for extended-
spectrum beta-lactamase Escherichia coli urinary tract infections: a case- ontrol study.
J Hosp Infect. 2014;88(2):116—119.

WuYH, Chen PL, Hung YP, Ko WC. Risk factors and clinical impact of levofloxacin or cefazolin
nonsusceptibility or ESBL production among uropathogens in adults with community-onset urinary
tract infections. ] Microbiol Immunol Infect. 2014;47(3):197-203.



Patients with diabetes are more prone to have resistant pathogens as the
cause of their UT]I, including:

extended-spectrum B-lactamase-positive Enterobacteriaceae,
fluoroquinolone-resistant uropathogens,
carbapenem-resistant Enterobacteriaceae, and

vancomycin-resistant Enterococci.

SchechnerV, Kotlovsky T, Kazma M, et al. Asymptomatic rectal carriage of blaKPC producing carbapenem-resistant
Enterobacteriaceae: who is prone to become clinically infected? Clin Microbiol Infect. 2013;19(5):451-456.

Papadimitriou-Olivgeris M, Drougka E, Fligou F, et al. Risk factors for enterococcal infection and colonization by vancomycin-
resistant entero-cocci in critically ill patients. Infection. 2014;42(6):1013—1022.

This might be due to several factors including:

I. Multiple courses of antibiotic therapy that are administered to these patients,

2. Frequently for asymptomatic or only mildly symptomatic UTI, and

3. Increased incidence of hospital-acquired and catheter-associated UTI, which
are both associated with resistant pathogens.

Type 2 diabetes is also a risk factor for fungal UTI.

Sobel |D, Fisher JF, Kauffman CA, Newman CA. Candida urinary tract infections — epidemiology.
Clin Infect Dis. 201 1;52(Suppl 6): S433-S436



DIAGNOSIS

The diagnosis of UTI should be

suspected in any diabetic patient

with symptoms consistent with UTI.

These symptoms are:

* Frequency, urgency,

* Dysuria, and suprapubic pain for
lower UTI;

* And costovertebral angle
pain/tenderness,
fever, and chills, with or without
lower urinary tract symptoms for
upper UTI.

Diabetic patients are prone to have
a more severe presentation of UTI,

though some patients with diabetic
neuropathy may have altered clinical
signs

A recent multi-center study from
South Korea of women with
community-acquired acute

pyelonephritis found that
significantly fewer of the diabetic
patients had:

* Flank pain,
» Costovertebral angle tenderness,
and

* Symptoms of lower UTI as
compared to non-diabetic women.

KimY,Wie SH, Chang UlI, et al. Comparison of the clinical characteristics of diabetic and non-diabetic women with community-
acquired acute pyelonephritis: a multicenter study. | Infect. 2014;69(3):244-251.



Once the diagnosis of UTI is suspected, a midstream urine specimen
should be examined for the presence of leukocytes, as pyuria is present in
almost all cases of UTI.

Pyuria can be detected either by microscopic examination (defined as
>10 leukocytes/mm3), or by dipstick leukocyte esterase test (sensitivity of
75%-96% and specificity of 94%-98%, as compared with microscopic
examination, which is the gold standard).

Little P Turner S, Rumsby K, et al. Dipsticks and diagnostic algorithms in urinary tract infection: development and validation,
randomised trial, economic analysis, observational cohort and qualitative study.

Health Technol Assess. 2009; 1 3( | 9):iii—iv, ix—xi, |73

An absence of pyuria on microscopic assessment can suggest
colonization, instead of infection, when there is bacteriuria.

Microscopic examination allows for visualizing bacteria in urine. A
dipstick also tests for the presence of urinary nitrite.A positive test
indicates the presence of bacteria in urine, while a negative test can be
the product of low count bacteriuria or bacterial species that lack the
ability to reduce nitrate to nitrite (mostly Gram-positive bacteria).

Microscopic or macroscopic hematuria is sometimes present, and
proteinuria is also a common finding.

Giesen LG, Cousins G, Dimitrov BD, van de Laar FA, Fahey T. Predicting acute uncomplicated urinary tract infection in women: a
systematic review of the diagnostic accuracy of symptoms and signs. BMC Fam Pract. 2010;1 1:78.
Bennett JE, Doli R, Blaser MJ. Mandell, Douglas, and Bennetts Principles and Practice of Infectious Diseases.
8th ed. Elsevier Inc. 2015.



A urine culture should be
obtained in all cases of suspected
UTI in diabetic patients, prior to
initiation of treatment.The only
exceptions are cases of suspected

acute cystitis in diabetic
women who do not have long
term complications of diabetes,
including diabetic nephropathy, or
any other complicating urologic
abnormality.

However, even in

The preferred these cases, if
method of obtaining empiric treatment

a urine culture is fails or there is
from voided, clean- recurrence within |

catch, mid-stream month of treatment,
urine. a culture should be
obtained.

Hooton TM, Bradley SF, Cardenas DD, et al; Infectious Diseases Society of America. Diagnosis, prevention, and
treatment of catheter-associated urinary tract infection in adults:
2009 International Clinical Practice Guidelines from the Infectious Diseases Society of America. Clin Infect Dis.



THE DEFINITION OF A POSITIVE URINE
CULTURE

The definition of a positive urine culture depends on
the presence of symptoms and the method of
urinary specimen collection, For the diagnosis of
cystitis or pyelonephritis in women, a midstream
urine count >10° cfu/mL is considered diagnostic of
UTI. (Fig. I).

However, in diabetic women with good metabolic
control and without long-term complications who
present with acute uncomplicated cystitis,
quantitative counts <10° colony-forming units
[cfu]/mL are isolated from 20%-25% of
premenopausal women and about 10% of
postmenopausal women.

Kass EH.Asymptomatic infections of the urinary tract.Trans Assoc Am Physicians. 1956;69:56—64.




Only 5% of patients with
acute pyelonephritis have
lower quantitative counts
isolated.

Lower bacterial counts are
more often encountered in
patients already on
antimicrobials and are
thought to result from
impaired renal
concentrating ability or
diuresis, which limits the
dwell time of urine in the
bladder.

Presance of symptoms?

v v

No Yes

v v
Urine culture

Urine culture

210°cfu/mL of same uropathogen in two
separate clean voided mid-stream uring
specimens

OR

=107 efu/mL from sterile in-and-out urinary
catheter

y

Asymptomatic

Mid-stream urine
Women: =10° cfwmL of uropathogen
Men: =10* cfu/mL of uropathogen

OR
2107 cfu/mL of uropathogen with clear symptoms
and no alternative diagnosis

In-and-out sterile urinary catheter
2107 cfu/mL of uropathogen

Long-term indwelling catheter or intermittent
catheterization

Yes  [€—— |>10¢ cfu/mL from a new catheter urine specimen
and no altemative diagnosis
Voo
Frequency, urgency, Costovertebral angle pain, tendemess, \l'
dysuria, or suprapubic pain | | fever, or chills + lower UTI symptoms No
Cystitis Pyelonephritis/urosepsis No Ilﬂ::ﬂ:m t

Figure | Flow chart for the diagnosis of urinary tract infection in patients with type 2 diabetes mellitus.
Abbreviations: cfu. colony-forming units; LTI, urinary tract infection.



Thus, the presence of pyuria is
not useful for differentiating
between symptomatic or
asymptomatic UTI.

The diagnosis of ASB can be
made based on a growth of
>103 cfu/mL of the same
uropathogen (up to two
pathogens) in two consecutive
clean voided mid-stream urine
specimens, or 2102 cfu/mL in a
specimen collected through a
sterile in-and-out urinary
catheter, in the absence of
signs or symptoms of urinary
infection.

As many as 70% of diabetic
women with ASB have

accompanying pyuria.



OUTCOMES

Patients with diabetes have worse outcomes of
UTI than those without diabetes.

Diabetes was found to be risk factor for early
clinical failure after 72 hours of antibiotic
treatment in women with community-onset
acute pyelonephritis.

Diabetes is also associated with longer
hospitalization, bacteremia, azotemia, and
septic shock in patients with UTI.

Mortality from UTI is 5 times higher in
patients with diabetes aged 65 and older, as
compared to elderly control patients.

Mnif MF, Kamoun M, Kacem FH, et al. Complicated urinary tract infections associated with diabetes mellitus: pathogenesis, diagnosis
and management. Indian | Endocrinol Metab. 2013;17(3):442—445.

Wie SH, Ki M, Kim J, et al. Clinical characteristics predicting early clinical failure after 72 h of antibiotic treatment in women with
community-onset acute pyelonephritis: a prospective multicentre study. Clin Microbiol Infect. 2014;20(10):721-729




OUTCOMES

Relapse and reinfection are also more common in diabetic
patients (7.1% and 15.9%, respectively, vs 2.0% and 4.1%,
respectively, in women without diabetes) according to a Dutch
study of diabetic women with UTI.

Another study also found higher rates of recurrence of UTI in
patients with type 2 diabetes of 1.6%, vs 0.6% in non-diabetic
patients.

Gorter K], Hak E, Zuithoff NP, Hoepelman Al, Rutten GE. Risk of recurrent acute lower urinary tract infections and prescription
pattern of antibiotics in women with and without diabetes in primary care. Fam Pract.2010;27(4):379-385.



COMPLICATIONS

Over 90% of cases of emphysematous pyelonephritis and 67% of episodes
of emphysematous cystitis occur in patients with diabetes mellitus. Renal
and perinephric abscesses occur far more frequently in diabetic patients
as well.

Urosepsis and bacteremia are also more frequent in patients with
diabetes.

A Greek study 10 year ago found that within a group of hospitalized
elderly patients with acute pyelonephritis, 30.7% of patients with diabetes
had bacteremia compared to | |% of patients without diabetes.

Thomas AA, Lane BR,Thomas AZ, Remer EM, Campbell SC, Shoskes DA. Emphysematous cystitis: a review of 135 cases.
BJU Int.2007;100(1):17-20.




TREATMENT

Management Treatment of UTI in patients with type 2 diabetes
depends on several factors, including: presence of symptomes, if infection
is localized in the bladder (lower UTI) or also involves the kidney
(upper UTI), presence of urologic abnormalities, severity of systemic
symptoms, accompanying metabolic alterations, and renal function.

As a general rule, treatment of UTI in diabetic patients is similar to
that of UTI in non-diabetic patients.

Antibiotic choice should also be guided by local susceptibility patterns
of uropathogens.

Treatment should also involve correction of metabolic complications
caused by the infectious process. First-line treatment options for
various types of UTI are detailed in (Table I).




Table | First-line antibiotic treatment of urinary tract infection in patients with type 2 diabetes mellitus

Type of urinary tract Sex Antibiotic Route Dosage Duration of
infection (UTI) treatment® treatment
Asymptomatic bacteriuria Men and women Mone
Acute cystitis YWy'omen Mitrofurantoin PO 100 mg = 2-3/d 5 days
Fosfomycin PO ig Single dose
THMP-5MX FO 260 mg = 2/d 3 days*
Complicated lower UTI (including Men and women Ciprofloxacin PO 250-500 mg = 2/d 7—14 days®
catheter-associated UTI) Ofloxacin PO 200 mg x 2/d 7—14 days®
THMP-SMX PO 960 mg = 2id* 7—14 days®
Cefuroxime PO 500 mg = 2/d 7—14 days®
Uncomplicated pyelonephritis WWomen Ciprofloxacin [ 400 mg = 2/d 7 days
Ciprofloxacin PO 500 mg x 2/d 7 days
Ofloxacin Ik 400 mg = 2/d 7 days
Ofloxacin P 400 mg = 2/d 7 days
Gentamicin Ive 5 mgikg = 1/d 7 days
Cefuroxime Ik 750 mg = 3/d 10—14 days
Cefuroxime PO 500 mg * 2/d 10—14 days
Complicated pyelonephritisfurosepsis Men and women Ciprofloxacin [ 400 mg = 2/d 10— 4 days®
Ofloxacin [ 400 mg = 2/d 10— 4 days®
Gentamicin Ik 5 mgikg = I/d 10—14 days®
Amikacin e I5 mglkg = 1/d 10—14 days®
Piperacillin-tazobactam [ 45 g=3/d 10— 4 days®
Ertapenem [ l g= lid 10— 4 days®

Motes: *Always tailor antibiotic treatment according to urine culture results. *Ulse empirically only when local resistance <20%. <Length of treatment depends on severity of
symptoms and patient response. *Administer oral antibiotics to patients with mild to moderate symptoms that can tolerate oral therapy. *Switch to oral therapy when patient
is improving. clinically stable, and can tolerate oral therapy.

Abbreviations: TMP-5MX, trimethoprim-sufamethosazole; PO, per os {oral route); IV, intravenous; d, days; g, gram.



TREATMENT

There is no indication to treat ASB in diabetic patients.

Though earlier studies raised the concern that bacteriuria may be associated with
progression to symptomatic UTI and with deteriorating renal function in patients with
diabetes, later studies found that diabetic women with ASB do not have an increased risk for
a faster decline in renal function, and that there are no short- or long-term benefits from the
treatment of ASB in diabetic women.

All the above studies found that women with ASB received multiple courses of antibiotic
therapy, which may result in increased antibiotic resistance.

Acute cystitis in women with good glucose control and without long-term diabetes
complications may be managed as uncomplicated lower UTI, and treated empirically with
one of the following: 74 nitrofurantoin 100 mg three times daily for 5 days, fosfomycin
trometamol 3 g single dose, or trimethoprim-sulfamethoxazole 960 mg twice daily for 3 days
(can be administered empirically only if resistance prevalence is known to be less than 20%
and medication was not used in previous 3 months). Quinolones and B-lactams are other,
alternative second-line treatments.




TREATMENT

» Treatment should be
tailored according to
culture results, if
obtained.

» Other cases of lower
UTI in diabetic patients
are mostly considered
complicated lower UTI
and should be treated
with antibiotics.

All the above studies found that women with ASB
received multiple courses of antibiotic therapy, which
may result in increased antibiotic resistance.

Acute cystitis in women with good glucose control and
without long-term diabetes complications may be
managed as uncomplicated lower UTI, and treated

empirically with one of the following: 74 nitrofurantoin

100 mg three times daily for 5 days, fosfomycin
trometamol 3 g single dose, or trimethoprim-
sulfamethoxazole 960 mg twice daily for 3 days (can be
administered empirically only if resistance prevalence
is known to be less than 20% and medication was not
used in previous 3 months). Quinolones and B-lactams
are other, alternative second-line treatments.

Treatment should be tailored according to culture
results, if obtained.

Other cases of lower UTI in diabetic patients are
mostly considered complicated lower UTI and should
be treated with antibiotics.




TREATMENT

In patients with a
chronic indwelling
catheter, UTI

prompts exchange
of the urinary
catheter.

The wide variety
of potential
infecting
organisms and
increased
likelihood of
resistance make
uniform
recommendations
for empirical
therapy
problematic.

Whenever
possible,
antimicrobial
therapy should be
delayed pending
results of urine
culture and
organism
susceptibility, so
specific therapy
can be directed at
the
known pathogen.

Therapeutic
options include
fluoroquinolones,
trimethoprim-
sulfamethoxazole,
and B-lactames

*(Table I).




TREATMENT

Pyelonephritis in patients with type 2 diabetes may be treated with
oral antibiotics in patients with mild-moderate symptoms, with no
alterations in gastrointestinal absorption, such as gastric emptying
impairment or chronic diarrhea caused by diabetic neuropathy.

However, diabetic patients with severe symptoms, hemodynamic
instability, metabolic alterations, or symptoms that preclude
administration of oral medication (nausea, vomiting) should be
hospitalized for initial intravenous antibiotic therapy.

Treatment with empiric antibiotics, using broad-spectrum
cephalosporins, fluoroquinolones, aminoglycosides, piperacillin—
tazobactam, or carbapenems should be initiated (Table ).

Gupta K, Hooton TM, Naber KG, et al; Infectious Diseases Society of America; European Society for Microbiology and Infectious Diseases.
International clinical practice guidelines for the treatment of acute uncomplicated cystitis and pyelonephritis in women: A 2010 update by
the Infectious Diseases Society of America and the European Society for Microbiology and Infectious Diseases.

Clin Infect Dis. 201 1;52(5):e103—e120.



TREATMENT

Emphysematous pyelonephritis was historically treated by
nephrectomy or open drainage, along with systemic antibiotics. In a
more recent report, successful management with systemic antibiotics
together with percutaneous catheter drainage of gas and purulent
material, as well as relief of

urinary tract obstruction, if present, has been described.

The choice of antibiotics in patients with diabetes mellitus should also take into
consideration possible drug interactions between antimicrobials and antidiabetics
or antihypertensive agents, and impaired glucose homeostasis that may be caused
by certain antibiotics.

/ Lin WR, Chen M, Hsu JM,Wang CH. Emphysematous pyelonephritis: patient
characteristics and management approach. Urol Int. 2014;93(1): 29-33.

Chan JC, Cockram CS, Critchley JA. Drug-induced disorders of glucose metabolism.
Mechanisms and management. Drug Saf. 1996;15(2): 135-157.



TREATMENT

Dosage adjustment is required in diabetic patients with renal
impairment for some antimicrobials agents.

Due to their nephrotoxic effect,aminoglycosides should be used
with caution in patients with renal failure, and nitrofurantoin
should be avoided in patients with renal failure, due to drug
accumulation that is associated with peripheral neuropathy.

Management of recurrent episodes of UTI is similar to non-
diabetic patients.

In young women without diabetic complications, post-coital or
daily low-dose antibiotic prophylaxis may be offered.

In patients with renal failure, complex urologic abnormalities, or
highly resistant bacteria, long-term antibiotic prophylaxis is less
effective.




CONCLUSION

UTI are common among patients with diabetes mellitus. In
these patients, UTI are more severe, caused by more
resistant pathogens, and is associated with worse out-comes
than in patients without diabetes.

Treatment should be offered only to symptomatic cases, as
ASB is a common finding, and antibiotic treatment in such
cases serves mostly to increase bacterial resistance.

Treatment should be tailored according to severity of
infection and culture results.

Further studies are needed to improve the treatment of
patients with diabetes and UTI.



