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Severe sepsis as a cause of acute renal failure
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SUMMARY

Introduction: The most common causes of acute renal failure in the intensive
care units are severe sepsis and septic shock. Mortality reported in this kind of
patients is about 70%. The pathophysiology of acute renal failure in severe sep-
sis includes systemic hypotension, direct renal vasoconstriction, infiltration of the
kidney by inflammatory cells, renal ischemia, intraglomerular thrombosis and in-
tratubular obstruction.

Objective: To show the incidence, mortality and histopathological etiology of
acute renal failure in severe sepsis.

Type study: Retrospective, transversal and descriptive.

Methods: We study 332 cases of patients with severe sepsis, who were hospi-
talized in the Intensive Care Unit of Hospital General del Centro Médico Nacio-
nal, during five years.

From these patients 107 developed acute renal failure due to severe sepsis. This
group recived two differet kind of treatment, medical management (70%) and he-
modyalisis (30%).

Renal biopsy was taken in 40 patients after six or seven days of the diagnosis
of acute renal failure caused by severe sepsis.

Results: In the group of 332 patients with severe sepsis 107 developed acute
renal failure, this represents the 32.22%. The group of patients with renal biopsy
presented the following results: 50% had acute tubular necrosis, 27.5% presen-
ted glomerular and tubular lesion, the rest 22.5% had glomerular and vascular le-
sion.

The mortality for patients treated with medical management was of 69.3%, and
for those treated with hemodyalisis was of 28.1%.

Discussion: Nowadays, and due to the high incidence and mortality of this di-
sease, is very important to generate more concise knowledge about the genesis
and development of acute renal failure in the septic patient.
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SEPSIS SEVERA COMO CAUSA DE FALLA RENAL AGUDA
RESUMEN

Introduccion: Las causas mds comunes de insuficiencia renal aguda en las uni-
dades de cuidados intensivos son la sepsis severa y el choque séptico. La morta-
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lidad reportada en los pacientes con sepsis severa e IRA es hasta del 70%. La
fisiopatologia propuesta para la falla renal en la sepsis grave incluye una combi-
nacion de factores como hipotension sistémica, vasoconstriccion renal, infiltracion
de células inflamatorias en el rifion, trombosis intraglomerular y obstruccion in-

tratubular.

Objetivos: Mostrar la incidencia, mortalidad y la histologia de la insuficiencia
renal aguda causada por sepsis severa.

Disefio del estudio: Retrospectivo, descriptivo y transversal.

Metodologia: Se estudiaron retrospectivamente los casos de 332 pacientes con
el diagndstico de sepsis severa que fueron hospitalizados en la Unidad de Cui-
dados Intensivos del Hospital General del Centro Médico Nacional en el lapso de
un lustro. De este total de pacientes 107 presentaron insuficiencia renal aguda se-
cundaria a dicho proceso séptico. El diagndstico se efectué con base en las alte-
raciones de las pruebas funcionales renales (DCr, DmOms, DH20, U/PmOsm,
FENA, FEK y IFR). Los pacientes fueron tratados de dos modos distintos, median-
te manejo médico (70%) o con hemodialisis (30%). A 40 de ellos se les tomo6
biopsia renal percutdnea entre los seis y siete dias posteriores a su diagndstico.
Todas las biopsias fueron estudiadas por microscopia optica.

Resultados: Del grupo de 332 pacientes con sepsis severa 107 presenté insufi-
ciencia renal aguda, lo que representa el 32,22% de la poblacién en este grupo
40 pacientes (100%) a los que se les tomd biopsia renal; 20 pacientes (50%) tu-
vieron necrosis tubulointersticial, 11 pacientes (27,5%) desarrollaron lesion glo-
merular y tubular, y el resto 9 pacientes (22,5%) presentaron lesion glomerular y

vascular.

La mortalidad para el grupo tratado con manejo médico fue del 69,3 %, mien-
tras que la del grupo tratado con hemodialisis fue del 28,1%.

Discusion: Es necesario generar conocimientos mds exactos sobre la génesis y
desarrollo de la IRA en el paciente séptico, ya que la mortalidad en estos pa-
cientes continua siendo elevada a pesar del inicio de dialisis temprana en cual-
quiera de sus modalidades, aun con las de reemplazo renal continuo.

Palabras clave: Sepsis severa. Falla renal y Lesién renal.

INTRODUCTION

According to the terminology proposed by the
American College of Chest Physicians/Society of Cri-
tical Care Medicine (ACCP/SCCM) in 1992, the sys-
temic inflammatory response syndrome (SIRS) is cha-
racterized by the presence of tachycardia, tachypnea,
hypothermia, and leucocytosis or leucopoenia. SIRS
may have an infectious or non-infectious origin. If a
infectious cause is suspected, it is called sepsis. If
sepsis leads to one or several organs dysfunction,
lactic acidosis, oliguria, or mental status impair-
ments, it is known as severe sepsis. Septic shock is
present when sepsis leads to hypotension (systolic
blood pressure < 90 mmHg) that cannot be correc-
ted by fluid infusion'? (Table ).

The pathophysiology of SIRS and of sepsis is not
completely understood. However, one of the main
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factors in the pathogenesis is an exaggerated in-
flammatory response that follows the presence of

Table I.

Term Definition

SIRS Body temperature >38° C or <36° C; heart rate
> 90/min; respiratory rate >20/min or PaCO, <
32 mmHg; and leucocytes count >12000 cells
uL or < 4000 pL

Sepsis SIRS with the presence or suspicion of infec-

tious condition

Severe sepsis ~ One or several organs dysfunction, lactic acido-

sis, oliguria, or acute mental status impairment

Septic shock  Sepsis-induced hypotension (systolic BP < 90
mmHg) in spite of adequate fluid replacement.

Patient on vasopressor or inotropic agents.




bacterial endotoxins and lipopolysaccharides (LPS),
and which is characterized by an excessive produc-
tion of proinflammatory agents such as tumoral ne-
crosis factor alpha and some types of interleukines
such as IL-1 and IL-6.>* The increase in proinflam-
matory agents leads to fever, tachypnea, tachycardia,
and leucocytosis, but also leads to activation of poly-
morphonuclear leucocytes that, together with the ac-
tivation of the complement system, accounts for tis-
sue damage.>® Together with the development of an
exaggerated inflammatory response, there is a de-
crease in substances that usually inhibit inflamma-
tion, such as IL-4, IL-10 and IL-13.%®

SIRS and sepsis are associated with a pro-coagu-
lation state induced by the effects of cascade acti-
vation of coagulation and fibrinolysis. This series of
events may lead to disseminated intravascular coa-
gulation (DIC), hemorrhage, or microvascular th-
rombosis.®” The adrenal sympathetic system is also
activated in sepsis, which increases plasma levels of
norepinephrine and stimulates renin-angiotensin sys-
tem, which in turn increases angiotensin Il and va-
sopressin levels.®8 These mechanisms are in part res-
ponsible of the hemodynamic impairments such as
vasodilation, hyperdynamic circulation, and micro-
circulatory changes.””?

Severe sepsis is the consequence of the loss of
auto-regulatory systems characterized by an unba-
lance between vasodilation and vasoconstriction,
proinflammatory and anti-inflammatory cytokines,
thrombosis and bleeding, oxidation and reduction re-
actions, and catabolic and anabolic activities, all of
which contribute to organ dysfunction that charac-
terizes this entity.”%'0 Besides, it is one of the most
frequent causes of acute renal failure (ARF) that, ac-
cording to data from worldwide literature, if affects
about 20% of the patients admitted to intensive care
units."12 The incidence of ARF in patients with se-
vere sepsis ranges from 20% to 25% and is increa-
sed to 50% if the patient presents with septic
shock.”1? The reported mortality in patients with ARF
secondary to severe sepsis is 70%, whereas the mor-
tality rate in patients with ARF but no sepsis is
450/0'4,9,13,14

The proposed pathophysiology for renal failure se-
condary to sepsis considers renal hypoperfusion as
a main risk factor, which theoretically causes ne-
crosis of the tubular epithelium, especially at the S3
segment of the proximal tubule. The death of these
cells make them lose their adhesion properties to the
tubular basal membrane and are shed to the tubu-
lar lumen producing urinary flow obstruction.3®7
Apparently, this is not the only mechanism leading
to renal failure, and other factors have been incri-
minated, such as the increase in afferent artery re-

SEVERE SEPSIS AND RENAL FAILURE

sistance, infiltration of the kidney by inflammatory
cells, and intraglomerular thrombosis.®8

The increase in afferent artery resistance increases
vascular renal resistance, which leads to a decrease
in renal flow.®? The kidney infiltration by inflamma-
tory cells produces local damage by the release of
oxygen radicals, proteases, and cytokines. And the
dysfunction of coagulation cascade and fibrinolytic
system contributes to intraglomerular thrombosis.?1°

However, in spite of all the mechanisms previously
described, the pathophysiology and the exact se-
quence of events leading to renal failure are poorly
understood, in part because most of the knowledge
generated in relation to the pathophysiology of ARF
due to sepsis derives from animal studies. This led
us to carry out, in the present study, histological con-
firmation from percutaneous renal biopsies of human
beings with the diagnosis of ARF secondary to se-
vere sepsis.

The main goal of the study is to demonstrate that
acute renal failure in the septic patient is not ne-
cessarily due to tubular necrosis.

MATERIAL AND METHODS

We retrospectively studied 332 patients with the
diagnosis of severe sepsis that were admitted to the
Intensive Care Unit of the General Hospital of the
National Medical Center, for the last five years. The
inclusion criteria were:

1. Any patient that had developed severe sepsis
secondary to peritonitis according to the 1992 con-
sensus criteria of the American College of Chest Phy-
sicians/Society ~ of  Critical ~Care  Medicine
(ACCP/SCCM).!

2. Independently of urinary volumes, patients had
to have impaired renal function tests, mainly endo-
genous creatinine depuration and U/PmOsm.

Out of the 332 cases, 107 patients had acute renal
failure secondary to the above-mentioned septic con-
dition. The diagnosis of acute renal failure was con-
firmed by renal function tests impairments, which
comprised: creatinine, osmolar, and free water de-
purations, U/PmOsm, and the renal failure index,
and sodium and potassium excretion fractions. From
this group of patients with ARF secondary to severe
sepsis, percutaneous renal biopsy was done to 40 of
them, after informed consent was obtained. All biop-
sies were histologically studied by light microscopy.
Seventy percent (75 patients) of the patients with ARF
received medical treatment with 600 mL of 50% hy-
pertonic dextrose with one gram of furosemide for
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24 hours. Forty milligrams of dipyridamole were in-
travenously administered g.i.d. to prevent platelet ag-
gregation and decrease vascular damage. The re-
maining 30% (32 patients) of the patients were put
on hemodialysis with the RSP kidney with acetate
concentrate and a flow of 300 mL/min and positive
pressure of 250 mmHg, each session lasting for 6
hours, 4-6 days/week. Medical treatment was started
when endogenous creatinine clearance was below
15 mL/min and the U/PmOsm was below 1, inde-
pendently of the other tests results, and was discon-
tinued when diuresis was above 1000 mL in 24
hours, in the case of oliguric ARF, and hemodialysis
was started when serum creatinine was above 5
mg/mL or urea was above 150 mg/dL and there was
hypercalcemia and metabolic acidosis that could not
be medically treated, and was discontinued when
diuresis was above 1000 mL in 24 hours, or creati-
nine was below 5 mg/dL or urea was below 100
mg/dL, in case of high-output ARF. We would like
to make clear that at the time these patients were
treated, it was thought that hemodialysis decreased
cardiac output and this increased the mortality in the
severely septic patient, a situation that currently does
not occur with bicarbonate kidneys and with conti-
nuous flow devices.

RESULTS

Out of the 40 patients (100%) in whom percuta-
neous biopsy was taken, 20 patients (50%) had tu-
bulointerstitial necrosis (Figure 1), 11 (27.5%) had
glomerular and tubular damage (Figure 2), and 9
(22.5%) had glomerular and vascular damage (Figu-
re 3), see also Table II.

Out of the 75 patients receiving medical treatment,
52 (69.3%) died. Out of the remaining 32 patients
treated with hemodialysis, 9 died (28.1%).

DISCUSSION

In most of medical literature relating t sepsis and
ARF, the authors always conclude that necrosis tu-
bular is the type of damage occurring, but they have
not performed renal biopsies and this is inferred from
the fact that the patient has oliguria and important
azotaemia. However, in our cases there were tubu-
lar, glomerular and vascular lesions independently of
the presence of oliguria or polyuria and of serum
urea and creatinine levels, and on further progres-
sion to recovery or death, as it has been mentioned
in the introduction and has been reported by our
group on several occasions.!>1°
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Fig. 1.—Microphotography showing tubular necrosis with basal
membrane damage and cellular detritus within the lumen.

Fig. 2.—Microphotography showing glomerular lesion with mi-
crothrombi within the tubular lumen.

Fig. 3.—Glomerular and vascular lesion with bilateral cortical renal
necrosis in a patient with sepsis.



Table II.

Num. of Percentage Histological result

patients

20 50% Damage with tubulointerstitial necrosis
11 27.5% Glomerular and tubular damage

9 22.5% Glomerular and vascular damage

In methods, we stated that independently of uri-
nary volumes, treatment was started when creatini-
ne depuration was lower than 15 mL/min and
U/PmOsm lower than 1 in the first 75 patients me-
eting the inclusion criteria. Whether ARF was oligu-
ric or polyuric was not taken into account in neit-
her group since their ration was 1:1. Patients
receiving medical treatment were switched to dialy-
tic therapy if urea was above 150 mg/dL and crea-
tinine above 5 mg/dL; we would like to mention that
no patient received peritoneal dialysis since all these
patients had peritonitis.

Patients in the second group was directly started
on hemodialytic therapy, with the characteristics
mentioned in material and methods, as soon as they
met the inclusion criteria, independently of uremia
level, and dialysis was discontinued when oliguric
patients reached a diuresis > 1000 mL in 24 hours
and urea and creatinine levels started to go down.
This tended to occur between the fourth and sixth
days after having started the therapy. This same cri-
teria was also applied to those patients starting with
medical treatment, although oliguric ARF tended to
persist for more than 10 days, which made neces-
sary to maintain dialysis for a longer time with a in-
creased morbimortality risk.

The causes for sepsis were perforated appendici-
tis in 60% of the patients; 15% had pyogenous cho-
lecystitis; 10% was suture dehiscence of hysterorr-
haphy for post-cesarean section endometritis; 10%
severe pancreatitis; and 5% colon perforation se-
condary to diverticulitis.

The severity of the patients was determined ac-
cording to the classification that we use at the In-
tensive Care Unit of our Hospital, which is based on
the determination of acute failures developed by the
critically ill patient, which are the following: he-
modynamic, gastrointestinal and hepatic, pulmonary,
renal, metabolic-nutritional, and hematological. We
did not use the APACHE systems since these classi-
fications may varied with treatment and the score ra-
pidly changes.!1°

We ought to stress that all patients dying in both
groups was not because of ARF but to Multiple
Organ Dysfunction Syndrome (MODS).

SEVERE SEPSIS AND RENAL FAILURE

Forty patients had randomly done a percutaneous
renal biopsy in lateral recumbent position, with no
use of abdominal plane films or ultrasound since the
anatomy was modified by the peritoneal condition
and surgeries performed for treating the underlying
cause. The kidney was located by means of anato-
mical reference points and a rachis needle. The spe-
cimen was further obtained with a Tru-cut needle,
and light microscopy was performed.

CONCLUSIONS

Mortality of patients developing ARF due to seve-
re sepsis still is high in spite of early initiation of
dialysis and the development of continuous renal re-
placement therapies. The death in these patients is
not only due to renal failure but also to sequential
failure of other organs, leading to the multiple organ
dysfunction syndrome caused by a systemic inflam-
matory response. According to the findings of light
microscopy, we may see not only tubular necrosis
develops in ARF, but there also may be interstitial,
glomerular, and vascular damage, as shown in 40 of
our cases.

A more profound knowledge on how exactly de-
velop the events leading to renal damage and organ
failure in severe sepsis is necessary since most of the
knowledge comes from animal experimental studies,
which not necessarily are a replica of what occurs
in the human being. Once we will have all the ans-
wers to what generates the inflammatory response in
all its varieties, and once we will have medications
that will modify or modulate these changes, we will
be able to prevent the occurrence of kidney and
other vital organs failure, diminishing the morbi-
mortality in the patient with severe sepsis.
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