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Perugu

y:N 530 7:Xe3i N Acute kidney injury (AKI) is defined as an sudden decline in renal function resulting in the inability to

excrete metabolic wastes and maintain proper fluid and electrolyte balance.
The purpose of current study is to study the post discharge long term outcome among the survivors of Acute kidney injury. The
study will also see the relationship of etiology, serum creatinine, blood urea, serum electrolytes, urine routine and hemogram

among the patients with acute kidney injury.

AIM: To determine the long-term outcome and sequelae in survivors of AKI.

OBJECTIVES:

1. To assessthe partial and complete recovery of renal functions at discharge and further follow-up period.

2. To assess the morbidity of patients during long term follow-up.

3. To study the subsequent development of chronic kidney disease.

4. To study the progression to dialysis dependency.
PLACE OF STUDY:

Department of General Medicine, Kamineni Institute of Medical Sciences,

Narketpally
Duration of the study: September 2019 — September 2020
STUDY DESIGN: Prospective study design

SAMPLE SIZE: This study included follow-up study of 47 survivors of AKI patients.

INTRODUCTION

Acute kidney injury (AKI) is a complex disorder is also known
as acute renal failure and it is a syndrome characterized by
the brisk loss of the kidney's excretory function and is typically
diagnosed by the accumulation of end products of nitrogen
metabolism (urea and creatinine) or decreased urine output,
or both.' Itis the clinical sign of several disorders that affect the
kidney acutely. Acute kidney injury is common in hospital
patients and very common in critically ill patients.

The term Acute Kidney Injury (AKI) was used for the first time
by William Mac Nider in 1918 in a situation of acute mercury
poisoning.? Acute kidney injury is recognized as a major
public health problem affecting millions of patients worldwide
and leading to decreased survival, increased progression of
underlying chronic kidney disease (CKD), and sometimes to
new onset of CKD. Acute kidney injury is defined as an abrupt
(within 48 hours) reduction in kidney function based on an
elevation in serum creatinine level, a reduction in urine output,
the need for renal replacement therapy (dialysis), or a
combination of these factors. Acute events involving renal
arteries or veins can also lead to intrinsic acute kidney injury.’

Furthermore, AKlis not a single disease but rather a syndrome
comprising multiple clinical conditions. Outcomes in AKI are
influenced by the underlying disease causing the condition,
as well as by the severity and duration of renal impairment
and by the baseline condition of the patient in whom does AKI
result in these outcomes is also the subject of active research
and requires much speculation

KEYWORDS : AKI; ARF: CKD; AKIN; Dialysis; Leucocytosis; Acute Tubular Necrosis; Acute Tubulo- Interstital
Nephritis, Acute Glomerulonephritis, End stage /Kidney Disease

Principal tools to detect AKI were consecutive measurements
of sCr, serum urea (sUr), urinalysis, and measurements of UO.
Urine indices such as fractional excretion of sodium (FeNa)
and urea (FeUr) were also used to differentiate transient from
persistent AKI.

Acute kidney injury (AKI) usually happens when your kidneys
are damaged suddenly. The damage that leads to AKI may be
caused by not having enough blood flowing through kidneys,
sometimes an injury directly to your kidneys or a problem with
your kidneys and a blockage in your ureters, the tubes that
take urine from your kidneys to your bladder. problems that
can cause you to have too little blood flowing through your
kidneys are Low blood pressure, bleeding too much, having
severe diarrhea, heart disease or heart attack, infection, liver
failure using NSAIDs (non-steroidal anti-inflammatory
drugs), such as aspirin, ibuprofen and naproxen, serious
burns, dehydration and some severe allergic reaction.

BACKGROUND:

Acute kidney injury (AKI) is defined as an sudden decline in
renal function resulting in the inability to excrete metabolic
wastes and maintain proper fluid and electrolyte balance.

Pre-renal azotaemia and ischemic tubular necrosis occur in a
continuum of the same pathophysiological process. These two
conditions account for 75% of AKI cases.”,’

Acute Kidney Injury (AKI), previously called Acute Renal
Failure (ARF), proposed by Acute Kidney Injury (AKIN), to
represent the entire spectrum of ARF. *
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Specific criteria exist for the diagnosis of AKI
1. Rapid time course (less than 48 hours)
2. Reduction of kidney function

» Riseinserum creatinine, defined by either:

Absolute increase in serum creatinine of =0.3 mg/dl

(=26.4umol/l) Percentage increase in serum creatinine of

=50% above baseline value

»  Reduction in urine output, defined as <0.5 ml/kg/hr. for
more than 6 hours.

A standard multilevel classification system was also used
in defining AKI which is given below:

The RIFLE criteria, proposed by the Acute Dialysis Quality
Initiative (ADQ)I) group, aid in the staging of patients with AKI
7RIFLE (Risk, Injury, Failure, Loss, End Stage Renal
Disease) depending on GFR, percentage of serum creatinine
and Urinary output classified as

Risk:
GFR decrease >25%, serum creatinine increased 1.5 times or
urine production of <0.5 ml/kg/hr. for 6 hours.

Injury:
GFR decrease >50%, doubling of creatinine or urine
production <0.5ml/kg/hr. for 12 hours.

Failure:
GFR decrease >75%, tripling of creatinine (>4 mg/dl) OR
urine output below 0.3 ml/kg/hr. for 24 hours.

Loss:
Persistent AKI or complete loss of kidney function for more
than 4 weeks

End stage-renal disease:
Complete loss of kidney function for more than 3 months

RIFLE criteria AKIN criteria
sCreatining  Urine output sCreatining  Urine output
critaria criteria
: sCreax 1.5 <0.5mikg t sCrea x 1.5
%‘ Rk, % parhx6h Stage or < 0.5 mikg
= 1 t=0.3mg/dlin perhx6&h
@ Inj tsCreax2 <0.5mikg
| iy pechx12h 5 e sCrea s
r . .5 mi
tsCreax3 <03mikg |2 293 sCrea x 2 ;ern : 12‘3,1
. or perhx=24h
Failure = 0.5 mg/dl if or tsCrea=3 <03 mlkg
baseline sCrea  anuria Stage or perh =« 24h
tsaomga L qop 3 1=05mgdlit or
o Ci 1& loss of baseline sCrea anuria
S renal ?mp;; - :v?eeks >4.0 mg/di <12h
= % Patients who receive RAT are
© Endstage End-siage renal disease considered to have mel stage 3
criteria, imespective of the stage
they are in at the time of ART

Comparison of RIFLE and AKIN criteria of Acute kidney
injury * The key cause of in-hospital AKI is acute tubular
necrosis resulting from multiple nephrotoxic insults such as
sepsis, hypotension and the use of nephrotoxic drugs or radio
contrast media. ®

The incidence of AKI is almost 500 per million per year placing
high demands on the public health system.®’ AKI is becoming
common, occurring in almost 5% of all in-hospital patients
and 6% to 23% among ICU patients.*® The mortality of patients
with multiple organ failure receiving renal replacement
therapy is high, exceeding 70% in intensive care units (ICU).*®

Mortality rates have changed little over the past decades
despite significant advances in supportive care. This lack of
improvement may be more apparent than real as patients
have become older and have more pre-existing chronic health
problems.'*"!

There are few studies to investigate prognostic factors in
infectious disease-associated AKI. The risk factors for death

and the outcome of critically ill patients with AKI in ICU have
been studied for several groups. The main risk factors
identified were advanced age, male gender, prolonged
hospital stay, hepatic, biliary tract and hematological
diseases, hypotension, coma, use of vasoactive drugs,
respiratory distress or the need for mechanical ventilation,
sepsis, need for dialysis treatment, high levels of creatinine,
oliguria and delayed nephrology consultation. AKI is an
important complication seen in many infectious diseases.

Acute renal failure (ARF) is a less pleasant problem with
various aetiologies. ARF is reversible when recognized and
managed early and a delay in diagnosis or treatment of ARF
may lead to increased morbidity and mortality.

However, risk for disease represents the interaction between
susceptibility (i.e., features intrinsic to the patient) and
exposure (i.e., the causative factor or factors). Exposures
known to produce AKI in susceptible populations include
sepsis, ischemia, heart failure, liver disease, major surgery
(especially vascular and cardiac), myonecrosis, urinary tract
obstruction, and various nephrotoxins. In the critically ill,
sepsis is the major cause of AKI, accounting for nearly 50% of

12.13
cases.

Outcomes And Pathophysiology

There is substantial evidence from clinical studies that both
shortterm and long-term outcomes are adversely affected by
AKI. As discussed before, hospital mortality increases in
association with AKI stage. Furthermore, survival appears to
be affected for atleast 1 year and maybe longer."

Recovery of renal function is also a problem, with many
patients failing to recover renal function. Chertow et
al.”demonstrated in a cohort of critically ill patients with AKI
who required renal replacement therapy that 33% of the
survivors were still on renal replacement therapy after 12
months. The Acute Renal Failure Trials Network study enrolled
1124 patients with severe AKI, and nearly 25% of the survivors
were dependent on renal replacement therapy on day
60.""However, an Australian study of 1508 patients with severe
AKI found that only 5.4% of survivors still required renal
replacement therapy by day 90.” Finally, there is emerging
evidence showing that less severe AKI may be associated with
important long-term outcomes including progression of CKD
and cardiovascular disease.*

Unfortunately, very tiny information is known about why AKI is
associated with short- and long-term adverse effects.
Although some manifestations of AKI are directly linked to
impaired glomerular / tubular function and recognized
without difficulty at the bedside in the form of hyperkalaemia,
pericarditis, or encephalopathy, pulmonary oedema, other
changes are less obvious or might not become evident until
sometime after the patient has discharged from the hospital.
Here, the modulatory effects of AKI on the (innate) immune
system and the progression from AKI to CKD have recently
emerged as very critical and highly important factors.

AKI and the (innate) immune system

Current concepts about the effects of AKI on the innateimmune
system largely stem from experimental studies andmostly
focus on interactions between the kidneys and remoteorgans,
such as the lungs and heart. Experimental AKI hassome
striking effects on the heart.” Bilateral renal ischemiasig
nificantly increases the myocardial transcription of tumourn
ecrosis factor-a and interleukin (IL)-1. Moreover, renal
ischemia-reperfusion also led to increases in left ventricular
enddiastolic diameter and left ventricular end-systolic
diameter, while decreasing fractional shortening.

Several studies have shown that bilateral ischemic AKI
causes pro-inflammatory changes in the uninjured lung. In
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particular, postischemic AKI down regulates the pulmonary
expression of epithelial sodium channels, Na/K-ATPase, and
aquaporin-°.”

In various experimental models, AKI also leads to altered
pulmonary cytokine expression and to changes in serum
cytokine concentrations. This includes changes in IL-1, IL-6,
IL-12, granulocytemacrophage colony-stimulating factor, and
IL-10, as well as in some neutrophil-specific chemokines.”
However, not all mediators are up regulated in all animal
models at the same time. Different models of AKI or acute loss
of renal function reveal a similar, but unique, cytokine/
chemokine profile.”

For example, only mild increase in plasma IL-6 occurred in a
mouse model of folic acid-induced AKIL* Prophylactic
administration of anti-inflammatory agents, such as IL-10 or
antibodies against IL-6, can attenuate the inflammatory
response and subsequent lung damage after bilateral
nephrectomy or renal ischemia.”*

Furthermore, in another recent study, patients with septic AKI
have impaired leukocyte rolling when compared with septic
patients without AKI.*The findings when compared with
patients without AKI, patients with AKI more frequently
demonstrate bacteraemia and poor outcome in various
clinical settings, including peritonitis, after cardiac surgery
and during haematological malignancies.””

AKIand CKD

Several recent clinical studies have provided evidence for a
link between AKI, CKD, and ultimately progression to end
stage renal disease.”® Under normal circumstances, the
regeneration of the tubular epithelium after AKI occurs in a
cascade-like manner, including initial de-differentiation,
migration, proliferation of surviving cells, redifferentiation,
and, in alast step, the full restoration of the tubular epithelium.
Incomplete repair after AKI, by contrast, is characterized by
persistent tubulo-interstitial fibrosis and inflammation, even
in the absence of prior kidney disease.***' Persistent tubular
interstitial fibrosis is the pathological correlate of loss of
kidney function. The severity of AKI significantly determines
the extent of recovery.**

Pre-existing kidney disease increases a patient's risk of
developing AKI is well accepted; the risk for AKI is
proportional to the respective stage of CKD. On the other
hand, any episode of AKI in a patient with underlying CKD
inflicts additional damage on already compromised kidneys
and thereby substantially increases the rate of transition to
endstage renal disease.

Progressive kidney disease is more likely after an episode of
acute-on chronic kidney injury than after simple AKI alone.As
much as inflammation is crucial for the development of AK], it
also has a crucial role in the development of interstitial fibrosis
after AKI. Experimental studies have shown a delayed
mononuclear cell infiltration after AKI, which is a central factor
in kidney repair, regeneration, and tissue remodelling.”*
f 4

§
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Acute Kidney Injury (aki) Can Have Both Immediately
Recognizable Consequences As Well As Less Noticeable Or

Delayed Consequences.*’

There were many causes that be able to trigger
pathophysiological mechanisms leading to acute renal
failure (ARF). This syndrome is characterized by a sudden
decrease in kidney function, with a consequence of loss of the
haemostatic equilibrium of the internal medium. The primary
marker is an increase in the concentration of the nitrogenous
components of blood. A second marker, oliguriq, is seen in
50% to 70% of cases. In general, the causes of ARF have a
dynamic behaviour as they change as a function of the
economical and medical development of the community.
Economic differences justify the different spectrum in the
causes of ARF in developed and developing countries.

The setting where ARF appears (community versus hospital),
or the place where ARF is treated (intensive care units [ICU]
versus other hospital areas) also show differences in the
causes of ARE. While functional outcome after ARF is usually
good among the surviving patients, mortality rate is high:
around 45% in general series and close to 70% in ICU series.
Although it is unfortunate that these mortality rates have
remained fairly constant over the past decades, it should be
noted that today’'s patients are generally much older and
display a generally much more severe condition than was true
in the past. These age and severity factors, together with the
more aggressive therapeutical possibilities presently
available, could account for this apparent paradox.

As is true for any severe clinical condition, a prognostic
estimation of ARF is of great utility for both the patients and
their families, the medical specialists (for analysis of
therapeutically manoeuvres and options), and for society in
general (demonstrating the monetary costs of treatment).

Causes Of Pre-renal Acute Renal Failure:

» Decreased effective extracellular volume.

*  Renal losses: haemorrhage, vomiting, diarrhoea, burns,
diuretics.

» Redistribution: hepatopathy, nephrotic syndrome,
intestinal obstruction, pancreatitis, peritonitis,
malnutrition.

e Decreased cardiac output: cardiogenic shock,
valvulopathy, myocarditis, myocardial infarction,
arrhythmia, congestive heart failure, pulmonary emboli,
cardiac tamponade.

» Peripheral vasodilation: hypotension, sepsis, hypoxemia,
anaphylactic shock, treatment with interleukin L2 or
interferons, ovarian hyper-stimulation syndrome

* Renal vasoconstriction: prostaglandin synthesis
inhibition, alpha adrenergics, sepsis, hepatorenal
syndrome, hypercalcemia.

- Efferent arteriole vasodilation: converting-enzyme
inhibitors.

Causes Of Intrinsic Acute Renal Failure:

1. Acute Tubular Necrosis

»  Hemodynamic: cardiovascular surgery, sepsis,pre-renal
causes

» Toxic: antimicrobials, iodide contrast agents,
anaesthetics, immunosuppressive or antineoplastic
agents, Chinese herbs, Opiaceous, mercurials, organic
solvents, venoms, heavy metals, mannitol, radiation.

* **most common causes among above mentioned were :
sepsis, pre-renal causes, iodide contrast agents,
anaesthetics, Chinese herbs

* Intra-tubular deposits: acute uric acid nephropathy,
myeloma, severe hypercalcemia, primary oxalosis,
sulfadiazine, fluoride anaesthetics.

» Organic pigments (endogenous nephrotoxins):

*  Mpyoglobin rhabdomyolysis: muscle trauma; infections;
dermatopolymyositis; metabolic alterations; hyperosmolar
coma; diabetic ketoacidosis; severe hypokalaemia; hyper- or
hyponatremia; hypophosphatemia; severe hypothyroidism;
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malignant hyperthermia; toxins such as ethylene glycol,
carbon monoxide, mercurial chloride, stings; drugs such as
fibrates, statins, opioids and amphetamines; Hereditary
diseases such as muscular dystrophy, Metabolopathies,
McArdledisease and Camitine deficit.

+  Haemoglobinuria: malaria; mechanical destruction
of erythrocytes with extracorporeal circulation or metallic
prosthesis, transfusion reactions, or other haemolysis; heat
stroke; burns; glucose-6-phosphate dehydrogenase;
nocturnal paroxysmal Haemoglobinuria; chemicals such
as aniline, quinine, glycerol, benzene, phenol, hydralazine;
insectvenoms.

1. Acute Tubulointerstitial Nephritis:

e Antimicrobials -

e Penicillin, Ampicillin, Rifampicin

e Sulphonamides

e Analgesics and anti-inflammatories Fenoprofen,

e Ibuprofen, Naproxen, Amidopyrine

e otherdrugs-Cimetidine, Allopurinol

« Immunological - Systemic lupus erythematosus, Rejection
e Infections

e Neoplasia-Myeloma, Lymphoma, Acute leukaemia
« Idiopathic-Isolated, Associated with uveitis

3. Vascular Occlusion

Principal vessels: bilateral (unilateral in solitary functioning
kidney) renal artery thrombosis or embolism, bilateral renal
vein thrombosis

Small vessels:athero-embolicdisease, t hrom b o tic
microangiopathy, haemolytic-uremic syndrome or thrombotic
thrombocytopenic purpura, postpartum acute renal failure,
antiphospholipid syndrome, disseminated intravascular
coagulation, scleroderma, malignant arterial hypertension,
radiation nephritis, vasculitis.

4. Acute Glomerulonephritis

Post-infectious:

e Streptococcal or other pathogen associated with visceral
abscess, endocarditis, or shunt

« Henoch-Schonlein purpura

- Essential mixed cryoglobulinemia

e Systemic lupus erythematosus

¢ Immunoglobulin A nephropathy

e Mesangio-capillary

e With anti-glomerular basement membrane antibodies
with lung disease (Good pasture is syndrome) or without it

» Idiopathic, rapidly progressive, without immune deposits

5. Miscellaneous
Cortical necrosis, abruptio-placentae, septic abortion,
disseminated intravascular coagulation.

Causes Of Obstructive Acute Renal Failure
1. Congenital Anomalies

Ureterocele

Bladderdiverticula

Posterior urethral valves

Neurogenic bladder

2.Acquired Uropathies
Benign prostatic hypertrophy
Urolithiasis

Papillary necrosis

latrogenic ureteral ligation

3. Malignant Diseases
Prostate; Bladder; Urethra; Cervix; Colon; Breast (metastasis)

4. Retroperitoneal Fibrosis
Idiopathic

Associated with aortic aneurysm
Trauma

Iatrogenic

Drug-induced

5. Gynecologic Non-neoplastic
Pregnancy-related

Uterine prolapse
Endometriosis

6. Acute Uric Acid Nephropathy
e Drugs

€-aminocaproic acid
Sulphonamides

¢ Infections

Schistosomiasis

Tuberculosis

Candidiasis ; Aspergillosis; Actinomycosis

7. Others

Accidental urethral catheter occlusion

As acute kidney injury is multifactorial in aetiology as
mentioned above it is very difficult to diagnose the cause of
AKI. Hence here is the simple diagnostic algorithm which
guides us towards the cause of AKI

DIAGNOSTIC ALGORITHM IN AKI®

There are numerous predisposing conditions that have the
capacity to precipitate and fasten the development of AKI.
Among these, age factor especially the vulnerable age groups
and volume status of the patient has highest potential to cause
AKI.
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Inclusion Criteria
1. Patients who were diagnosed with AKI according to AKIN

Exclusion Criteria

1. Patients with acute worsening of chronic kidney disease.

2. Patients who are already diagnosed with chronic kidney
disease and on treatment.

Patients with co-morbid conditions like diabetes mellitus,
essential hypertension and structural kidney diseases like
polycystic kidney disease, medullary sponge kidney etc. are
excluded.

Place Of Study:

Department of General Medicine, Kamineni Institute of
Medical Sciences, Narketpally

Duration of the study: September 2019 — September 2021

Study Design:
Prospective study design

Sample Size:

This study included follow-up study of 47 survivors of AKI
patients with serum ureaq, serum creatinine, serum electrolytes
(hyperkalemia, hyponatremia), Haemogram (abnormal
haemoglobin, leukocytosis, thrombocytopenia), Urine routine
examination (pyuria, hematuria and proteinuria),),
Ultrasonography of abdomen and pelvis (as required), at
admission, at discharge, at three months, at six months and at
one year. Importance of the study was explained and an
informed consent was taken from all the study participants
before collecting the data.

OBSERVATION AND RESULTS
Table 1: Gender wise Distribution of study participants

Gender Frequency Percentage (%)
Male 28 59.57

Female 19 40.43
Total 47 100

From table 1, major proportion of the study population were
males ie., 59.57 % and the remaining proportion were
females.

B male

B Female

Figure 1 : Showing genderwise distribution of study
population

Table 2: Showing distribution of study participants
according to age

Age group Frequency (n) | Percent (%)
<20 3 6.38
21 -30 6 12.77
31-40 7 14.89
41-150 8 17.02
51 -60 13 27.66
> 60 10 21.28
Total 47 100

Majority (i.e., 27.66%) of the patients with AKI belong to age

group between 51 to 60 years. Therefore incidence of AKI is
more during 6" decade of life in the current study. Mean age of
study population was 48.23 with standard deviation of 15.65.

7
B

7
[ [
5 5
5 4
4 3 3
3 2
B
1
0
<20

4
21-30 31-40 41-50 51-60 =60
Age groups

Frequency

B pjale ®Female

Figure 2: Showing genderwise distribution of study subjects
with respect to age

ETIOLOGY OF AKI:

Table 3: Showing incidence of AKI based on etiology
DIAGNOSIS FREQUENCY PERCENT
Acute Gastroenteritis 14 29.78
Acute Pancreatitis 3 6.38
Dengue 3 6.38
Malaria 1 2.13
Sepsis 22 46.81
Snake bite 2 4.26
Heart failure 2 4.26
Total 47 100

** UTI- Urinary tract infections

From the above table it is evident that, sepsis contributes as a
cause in majority i.e., 46.81% of patients with AKI by different
mechanisms (either direct or indirect). Followed by acute
gastroenteritis, acute pancreatitis and dengue accounting for
second and third major cause of AKI.

el |
€
g
]
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4

Causes

Figure 3. Causes of Acute kidney injury

Serum Creatinine:
Table 4: Showing Mean, Standard deviation and p value of
S.creatinine during study

S. Creatinine| N |Minimum|Maxim|Mean| Std. P
um Deviation | value

At admission|47 1.8 8.1 |3.89 1.56 <0.00

At discharge |47 0.7 4.2 |1.68 0.78 1

At 3 months |47 0.7 3.1 1.15 0.53
At 6 months (47 0.5 2.5 |[1.04 0.40
At 1 year (47 0.6 2.1 10.93 0.27

Above table 4 represent the change in serum creatinine levels
during follow-up period suggesting that there was significant
drop in serum creatinine levels from admission till the end of 1
yeari.e., in every follow-up till end of study period) with P value
<0.001(<0.05).
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Figure 4: Mean serum creatinine levels during follow-up

Table 5: Showing study population with normal and
abnormal creatinine during study period

Serum Normal Abnormal Total
Creatinine No.Of | % |No.Of| % | No.Of | %
Patients Patients Patients

At admission 0 0 47 100 47 100
At discharge 24 51.06] 23 48.94 47 100
At 3 month 42 89.36 5 10.64 47 100
At 6 months 45 95.74 2 4.26 47 100
At lyear 45 95.74 2 4.26 47 100

Table 6: Showing McNemer test analysis in study
population during study period

[Parameter Creatinine) (Serum | P value [Significance
At Discharge Admission - At <0.001 Hs
At 3months Admission - At <0.001 Hs
At 6 Months Admission - At <0.001 Hs
At 1 Year — At Admission <0.001 Hs
At 3 Months — At Discharge <0.001 Hs
At 6 Months — At Discharge <0.001 Hs
At 1 Year — At Discharge <0.001 Hs
At 6 Months — At 3months 0.239 Ns
At 1 Year — At 3months 0.239 Ns
At 1 Year — At 6 Months 1.000 NS

From the above tables 5, 6 and figure 4, itis evident that

1. Attime of admission all patients had abnormal creatinine
and at the end of lyear only 4.26 % of patients had
abnormal serum creatinine values.

2. Improvement of S.creatinine to normal level during follow-
up period was significant till end of study period i.e., 1 year
(which is evident by Pvalue < 0.001 from McNemer test).

NORMAL

B A1 admiasion
= A1 discharge
5 A1 3 manths

At 6 manthy

ALY

Figure 5. Showing normal and abnormal S.creatinine
during study period

Table 7: Showing percentage and no. of subjects with CKD
atend of 1 year.

CKD NO.OF SUBJECTS PERCENTAGE (%)
Absent 45 95.75
Present 2 4.25

Total 47 100

**CKD - chronic kidney disease

CKD
an ‘

® ABSENT

= PRESENT

Figure 6: Percentage of population progressed to CKD in 1
year.

eGFR calculated at the end of 1 year for all study population
as per MDRD eGFR formula (according to KDOQI CKD criteria
) showed that only 2 individuals (4.25%) had eGFR less than
60 ml/min/1.73m” and are labelled as chronic kidney disease
according to KDOQI guidelines. Remaining 45 individuals
(95.75%) had eGFR above 60 ml/min/1.73m”.

Blood Urea:
Table 8: Showing Mean and Standard deviation of Blood
urea during study

Blood N [Min|Maximum|Mean S. P
Urea Deviation| Value
At 47| 52 212 96.93| 37.17 |<0.001
Admission
At 47| 32 74 52.04| 10.54
Discharge
At3 47| 27 93 43.76| 12.03
Months
At6 47| 18 76 31.12| 12.26
Months
At 1 Year 47| 17 60 27.59| 9.68

Figure 7. Mean Blood urea levels during follow-up

From the above table 8 and its corresponding figure 5, the
drop in blood urea levels are analyzed during follow-up
period by ANOVA and an statistically significant association
was observed between blood urea levels and during follow up
with a p value of <0.001

Table 9: Showing McNemer test analysis in study
population during study period

Parameter (Blood Urea) P Value Significance
At Discharge — At Admission <0.001 Hs
At 3months — At Admission <0.001 Hs
At 6 Months — At Admission <0.001 Hs
At 1 Year — At Admission <0.001 Hs
At 3 Months — At Discharge <0.001 Hs
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At 6 Months — At Discharge <0.001 Hs
At 1 Year — At Discharge <0.001 Hs
At 6 Months — At 3months 0.293 Ns
At 1 Year — At 3months 0.293 Ns
At 1 Year — At 6 Months 1.000 Ns

It is clear that there was significant drop in mean blood urea
level from admission to 6 months (about 65.81) with P value
<0.001 which is statistically highly significant whereas from 6
months to the end of 1 year, there was slight significant drop in
mean blood urea levels (about 3.53) with P value of 0.013
(<0.05) which s just statistically significant.

Table 10: Showing Study Population With Normal And
Abnormal Blood Urea During Study Period

Blood Urea [Normal Abnormal Total
No.Of |% |No.Of |% No. Of %
Patients Patients| Patien ts
At Admission |0 0 47 100 |47 100
At Discharge |22 46.80[25 53.2 |47 100
At 3 Month |41 87.23|6 12.77147 100
At 6 Months |44 93.61(3 6.39 |47 100
At lyear 44 93.61|3 6.39 |47 100

Figure 8: Normal and Abnormal Blood urea during study
period

Fromthe above tables 9, 10 and figure 8 it is evident that

1. At admission 100% of patients had abnormal blood urea
and at the end of 1 year 6.39% of patients had abnormal
blood urea.

2. Improvement of blood urea to normal level during follow-
up period was significant till 6months (which is evident by
P values <0.001) and after 6months it is statistically
insignificant (which is evident by P value of 0.293 and
1.000 i.e.,> 0.05 from McNemer test)

Serum Electrolytes:
Table 11: Showing study population with normal and
abnormal S.electrolytes during study period.

Serum Normal Abnormal Total
Electrolytes | No.Of | % | No.Of | % | No.Of |%
Patients Patients Patients
At Admission 10 21.27 37 78.73 47 100

At Discharge| 41 87.23 6 12.77 47 100
At 3 Month 46 |97.87 1 2.13 47 100
At 6 Months 47 100 0 0 47 100
At lyear 47 100 0 0 47 100

Table 12: Showing McNemer test analysis in study
population during study period.

Parameter (Serum P Value |Significance
Electrolytes)

At Discharge — At Admission <0.001 [Hs
At 3months — At Admission <0.001 [Hs
At 6 Months — At Admission <0.001 [Hs
At 1 Year — At Admission <0.001 [Hs
At 3 Months — At Discharge 0.049 |[Hs
At 6 Months - At Discharge 0.011 |[Hs
At 1 Year - At Discharge 0.011 |[Hs
At 6 Months — At 3months 0.314 |[Ns
At 1 Year — At 3months 0.314 [Ns

ENormal

W Abnermal

At At Discharge At 3 Month At6Months At Iyear
Admission

Sarum Electrolytes

Figure 9: Norm al and Abnormal serum electrolytes during
study period.

From the above table 11, 12 and figure 9 itis evident that

» About 78.73% of study population had abnormal serum
electrolytes at the time of admission and all the study
participants were having normal serum electrolytes at 6th
month and end of study period (lyear).

+ Serum electrolytes took about 3 months duration to get
normalised which is statistically significant with P value
<0.05.

« After 3 months there was no significant percentage of
patients becoming normal which is statistically
insignificant with P value >0.05.

Urine Examination:
Table 13: Showing study population with normal and
abnormal urine examination duringstudy period

Urine Normal Abnormal Total
Routine No.Of | % | No. Of % No. Of | %

Examination|Patients Patients Patients
At Admission| 20 [42.55| 27 57.45 47 |100

At Discharge| 36 [76.59| 11 23.41 47 |100
At 3 Month 44 193.61 3 6.39 47 100
At 6 Months 43 ]91.48 4 8.52 47 ]100
At lyear 46 |97.87 1 2.13 47 100

Table 14: Showing Mcnemer Test Analysis In Study
Population During Study Period.

Parameter (Urine Routine P Value |Significance
Examination)

At Discharge — At Admission <0.001 |Hs

At 3months — At Admission <0.001 |Hs

At 6 Months — At Admission <0.001 |Hs

At 1 Year — At Admission <0.001 |Hs

At 3 Months — At Discharge 0.020 Hs

At 6 Months - At Discharge 0.048 Hs

At 1 Year — At Discharge 0.001 Hs

At 6 Months — At 3months 0.694 Ns

At 1 Year — At 3months 0.306 Ns

At 1 Year — At 6 Months 0.167 Ns

NORMAL ABNORMAL

f" e A
¥ 4

Figure 10. Normal and Abnormal urine examination during
study period.

" At 3 Maonth
ALG Months
At 1year

From the above tables 13, 14 and figure 10:
* About 57.45 % patients had abnormal urine analysis at the
time of admission and only 23.41% of study population
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had abnormal urine analysis at time of discharge.

e This implies that the study population had recovered
without developing abnormalities during the course of the
disease (in hospital stay) and that lead to the clinical
improvement by the time of discharge. And it is found to be
statistically highly significant with P value <0.001(<0.05).

» About 93.61% patients got normalised by the end of 3rd
month follow up from time of discharge which is
statistically highly significant with McNemer test P value
0.020(<0.05).

» Fromthe end of 3 months to end of 1 year and from the end
of 6 monthsto 1 year, study population who got normalised
was found to be statistically insignificant with McNemer
test Pvalue 0.307 and 0.617 (>0.05).

Hemogram:
Table 15: Showing study population with normal and
abnormal hemogram during study period

Hemogram Normal Abnormal Total
No. Of % | No.Of | % No.Of | %
Patients Patients Patients
At 6 12.76 41 87.24 47 100
Admission
At 32 68.08 15 31.92 47 100
Discharge
At 3 Month 41 87.24 6 12.76 47 100
IAt 6 Monthsg| 43 91.48 4 8.52 47 100
Atlyear | 42 [89.36] 5 [1064] 47 |100

Table 16: Showing Mcnemer Test Analysis In Study
Population During Study Period.

« It is obvious from the above data that haematological
manifestations related to AKI took around 6 months to get
normalised and was found statistically significant with
McNemer test Pvalue 0.004 (<0.05).

DISCUSSION

In current study, the pattern of recovery and time duration
required for recovery of renal function after AKI was studied in
47 patients with acute kidney injury admitted in General
medicine ward at an tertiary care hospital, Narketpally. Also
studied the recovery of other parameters like urine analysis,
serum electrolytes and complete hemogram to the normal
limits following AKI. This study also analyzed the percentage
of survivors of AKI progressed into the chronic kidney disease
and dialysis dependency.

Gender

Among a total of 47 study subjects’ prevalence of AKI is
observed to be high in males i.e., 59.57% and remaining
comprised of females.

Jose e Bouchard et al (2009)47 conducted a Fluid
accumulation; survival and recovery of kidney function in
critically ill patients with acute kidney injury and reported that
59% of the study population consisted of males and remaining
41% were females.

A similar preponderance towards male was observed in the
table given below.

Table no.17: Showing comparison of different studies based
ongender

43 47

41
6 :
i :

32
15
5 I

Figure 11 : Normal and Abnormal hemogram during study
period.

At 3 Month A6 Months AT 1year

Hemogram levels

From the above tables 15, 16 and figure 11:

»  Majority of the patients with AKI had abnormal hemogram
i.e., 87.24% at time of presentation and by the time of
discharge only 31.24% of the study population were found
to have abnormal hemogram.

» Around 87.2% and 91.5% of study population had normal
hemogram at the end of 3 and 6 months respectively. But
the proportion of study participants having normal
hemogram levels has decreased to 89.4% at end of 1 year.

Parameter (Hemogram) P Value [Significance Authors Male (%) |Female (%)
At Discharge — At Admission <0.001 Hs Jose e Bouchard et al” 59 41

At 3months — At Admission <0.001 Hs Jean-Philippe Lafrance and Donald (96.8 3.2

At 6 Months — At Admission <0.001 Hs R. Miller”

At 1 Year — At Admission <0.001 Hs Sean M. Bagshaw”! 64 36

At 3 Months — At Discharge 0.025 Sig Guadalupe Garcia-Tsao et al60 68 32

At 6 Months — At Discharge 0.004 Sig Lakhmir S Chawl et al” 98 2

At 1 Year — At Discharge 0.011 Sig Similar findings to that of present study were reported by Sean
At 6 Months — At 3months 0.503 Ns M. Bagshaw6 and Guadalupe Garcia-Tsao et al® in their
At 1 Year — At 3months 0.748 Ns respective studies with an male preponderance of 64% and
At 1 Year — At 6 Months 0.725 Ns 68%.

Age

In the present study major proportion (i.e., 27.66%) of the
patients with AKI belong to age group between 51 to 60 years.
Therefore incidence of AKI is more during 6" decade oflife
followed by age group >60 years comprising of 21.28%.
Among the total of 47 study subjects a mean of 48.23 with
standard deviation of 15.65 was observed.

Table no.18: Comparison of studies done by other authors
based on age

Authors Mean age (in years)
Current study 48.23

Lo L] et al (2009)® 63.5

Weiss AS (2006)” 54

Jean-Philippe Lafrance 66.3

and Donald R. Miller(2010)*

In a study done by Lo L] et al (2009)35, the mean age in years
was reported as 63.5 years and in another study done by
Weiss AS (2006)62 the mean age was reported as 54 years.

Jean-Philippe Lafrance and Donald R. Miller(2010)50 reported
amean age of 66.3 + 12.4 and prevalence of AKI was highest
inthe age group 70-79yearsi.e., 29.2%.

Etiology
Based on the above study and data analysis,
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sepsiscontributes as a cause for majority of patients with AKI
i.e., 46.81% by different mechanisms (either direct or indirect).
Following sepsis, Acute gastroenteritis, dengue and acute
pancreatitis consisting of 29.78% and 6.38%. Least
contribution to the cause of AKlI in this study is by heart failure
and snake bike with 4.26% each.

A study on Septic Acute Kidney Injury in Critically ill patients
clinical characteristics and outcomes done by Sean M.
Bagshaw6(2007)” reported that sepsis was a contributing
factor to AKI in 47.5% patients among a total of 1178 study
population. Similarly major cause of AKI was reported as
Sepsis (36.1%) followed by gastroenteritis and heart failure
(15%) in a study done by AlalehGheissari et al(2012)".

Table no.19: Showing results of various studies based on
etiology

CAUSES |Curre| Sean | ZAlale |SriramKri| Al
nt M.Ba hGhei |shna murt| Duzo
study | gshaw |ssarietall hyetal |vaetal
et al51 | (2012)71| (2013)70 ((2010)72
Sepsis | 46.81| 47.5 36.1 55.4 18.2
% % % % %
Acute 29.78 - 15% - 8.3%
Gastro %
enteritis
Dengue |6.38% - - 15.6 % -
Heart 4.26% - 15% 4.8% -
failure
Enven [4.26% - - - 6.4%
omatio
ns /toxins

Sriram Krishnamurthy et al(2013)” done a study on Incidence
and Etiology of Acute Kidney Injury in Southern India reported
that AKI occurred in association with infections/sepsis (55.4
%), acute glomerulonephritis (16.9 %), cardiac disease (4.8
%), envenomations (4.2 %) and hemolytic uremic syndrome
(3.6 %). Tropical febrile illnesses (dengue, scrub typhus,
enteric fever, cholera, tuberculosis, malaria and leptospirosis)
constituted 15.6 %.

In a study by Ali Duzova et al (2010)”, among a total of 472
study population the cause for AKI was reported as 18.2% had
sepsis, 8.3 % has acure gastroenteritis and 6.4%.

Serum creatinine

In the present study, recovery of renal function with serum
creatinine as a determinant it is evident from the analysis that,
at admission 100% of patients had abnormal creatinine and
at the end of 1 year only 4.26% of patients had abnormal
creatinine levels.

The mean creatinine level at admission was 3.89 + 1.56 witha
maximum of 8.1mg/dl and by the end of follow up the mean
creatinine value was observed to be 0.93 + 0.27.

Table no.20: Comparison of mean and SD with study done
by Daniela Ponce et al.

Authors Maximum (mg/dl)|Mean and SD
Current study 8.1 3.89 + 1.56
Daniela Ponce et al 9 3.46 + 1.44
(2011)”

The improvement in serum creatinine levels during follow-up
period suggesting that there was significant drop in serum
creatinine levels from admission till the end of 1 year i.e., in
every follow-up till end of study period with P value
<0.001(<0.05).

Table no.21: Showing patients with normal creatinine
values at discharge and end of follow among various
studies

Authors Normal at Normal at end of
discharge (%) |follow up (%)

Current study 52 95.7

Jean-Philippe 89.8 100

Lafrance and Donald
R. Miller(2010)*
Daniela Ponce et

al (2011)”

In the present study 52 % of the study population had normal
creatinine values at the time of discharge and an significant
improvement was observed by the end of follow up with 95.7%
of the study population has normal serum creatinine values.

56 -

Jean-Philippe Lafrance and Donald R. Miller(2010)*°
conducted a study on Acute Kidney Injury Associates with
Increased Long-Term Mortality reported that 57.2% of 87211
study population had normal creatinine values. Significant
improvement in levels of creatinine was observed at the time
of discharge (89.8%) and 100% normal levels were reported
postdischarge.

Daniela Ponce et al” in 2011 conducted a study and reported
that 44% of the study population had serum creatine value of
>1.5mg/dL.

There is collective evidence that small increments in serum
creatinine are associated, in a variety of settings, with adverse
outcomes and also decrement in creatinine levels helps in
better long term outcome®, and they manifest in short-term
morbidity and mortality and in longer-term outcomes,
including 1-year mortality.*

Chronic Kidney Disease

Progression of AKI to CKD is assessed by calculating the
reduced effective glomerular filtration rate (to less than 60
ml/min/1.73m")according to KDOQI CKD guidelines.*

eGFR calculated at the end of 1 year for all study population
as per MDRD eGFR formula showed that only 2 individuals
(4.25%) had eGFR less than 60 ml/min/1.78m’ and are
labelled as chronic kidney disease. Remaining 45 individuals
(95.75%) had eGFR above 60 ml/min/1.73m”.

Table no.22: Showing eGFR values among various studies

Authors eGFR<60 ml/min/1.73m" (in
percentage)
Current study 4.25

Hiroshi W et al(2009)" 3.3
Jaime Lucove et al (2008)"*|7.8

A report stating that 12% of the participants had an eGFR<60
mL/min/1.73 m’ among a total of 7,839 study subjects by
Helmer C etal(2011).”

Jaime Lucove et al (2008)”, in their study the observed
prevalence of 7.8% with eGFR less than 60 mL/min/1.73 m".

James M T et al* showed in a cohort of over 920,000 patients
that the level of proteinuria and diminished baseline e GFR
were independent risk factors for developing AKI.

Almost every multivariate analysis has revealed that CKD is
an independent risk predictor for AKL** The risk of AKI is
increased in patients with an e GFR <60ml/min/1.73 m (stage
3to 5 CKD), and special precautions should be taken in these
patients.*

Blood urea
In this study analysis of blood urea levels showed that, at
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admission 100% of patients had abnormal blood urea and at
the end of 1 year 6.39% of patients had abnormal blood urea.
Improvement of blood urea to normal level during follow-up
period were significant till 1 year (which is evident by P values
<0.001 from McNemertest).

Mean serum urea value was observed to be 96.93 with SD
37.17 at admission with a maximum of 212 and by the end of
12months the mean value was 27.59 with an standard
deviation of 9.68 with a maximum value of 60.

Table no.25: Showing results of various studies with respect
to hypokalemia

Authors Hypokalemia admission
(in %)

Current study 21.3

Biagioni Santos M.S |et|46

al(2010)"

Barrett C. Bowling (2010)*%(18.86

Table no.26: Showing results of various studies with respect
to hyponatremia

Table no.23: Showing mean and SD values of urea at Auth H " dmissi
admission and end of follow up among various studies uthors (i:ln:/o)natremla at admission
o,

At admission At end of follow up Current study 12.8

Maximu |[Mean |Maximu |[Mean Biagioni Santos M.S |et|59
Authors m (mg/dl)|and SD|m (mg/dl)|and SD al(2010)"
Current study  |212 96.93 |60 27.59 Urine examination

+37.17 +9.68 In this study, only 57.45% of study subjects had abnormal urine

Daniela Ponce |- 127.6 |- - analysis at the time of presentation and about 23.41% and
etal +43.8 2.13% of study population had abnormal urine analysis at
(2011)” time of discharge and at the end of study period (i.e., 1 year).
MarliesOster - - - 24.23
mann and +8.26 This implies that there is only a little drop in urine
René WS abnormalities during the course of the disease (in hospital
Chang(2009) stay) and the abnormalities in urine still persists in about
76 23.41% of study population even at time of discharge which

MarliesOstermann and René WS Chang(2009)” done a study
on Correlation between parameters at initiation of renal
replacement therapy and outcome in patients with acute
kidney injury, their results showed that the mean serum value
was 24.23 at the end of follow up.

Daniela Ponce et al” conducted a study in 2011 and reported a
mean of 127.6 with a standard deviation of 43.8.

Serum electrolytes

In the present study about 78.73% of study population had
abnormal serum electrolytes at the time of admission and
2.13% had abnormal at the end of 3 months. All the study
subjects had normal serum electrolytes values by the end of
study period (lyear).

Similar results were reported in a study done by Biagioni
Santos M.S et al” in the year 2010, where they observed a
proportion of 87% with abnormal serum electrolyte values at
the time of admission.

Serum electrolytes took about 3 months duration to get
normalised which is also statistically significant with P value
<0.05. After 3 months there was no abnormal study population
observed as all patients becoming normal which is
statistically significant with P value <0.05.

In the present study, at time of admission major proportion
i.e., 42.5% of the study subjects had hyperkalemia followed by
hypokalemia and hyponatremia in 21.3% and 12.8%. Least
proportion of imbalance in electrolytes was observed in
hypernatremia with 2.1%.

Table no.24: showing results of various studies with respect
to hyperkalemia

Authors Hyperkalemia at admission
(in %)
Current study 42.5

JagadishKhanagavi |69.8
etal (2013)"

Lisa M. Einhorn et al [52.7
(2009)79

Anna Grodzinsky et al |66.8
(2016)80

lags behind the clinical improvement. This is statistically
highly significant with P value <0.001(<0.05).

Table no.27: Showing results of various studies in the
presence of Albumin

Authors Presence Albuminuria
admission (in %)

Current study 14.9

Morgan E. Grams et 16.9

al(2010)%

Ferdau L. 56.4

Nauta

(2011)*

In the present study, at time of admission major proportioni.e.,
46.8% of the study subjects had pyuria followed by
albuminuria and hematuria in 14.9% and 2.12%. And 57.4% of
the study subjects were found serum electrolytes within
normal limits.

Table no.28: Showing results of various studies in the
presence of pyuria Hemogram

Authors Presence pyuria at time of
admission (in %)

Current study 46.8

Abdul Chaudhryet al(1993)® |16.9

Frank B.Cortazar (2016)* 8.8

Magjority of the patients with AKI had abnormal hemogrami.e.,
87.24% at time of presentation and by the time of discharge
only 31.24% of the study population were found to have
abnormal hemogram.

From the current study it was observed that majority of the
patients with AKI had abnormal hemogram at time of
presentation but had drastically decreased at time of
discharge. This coincides with clinical improvement of
survivor of AKI patients.

Around 87% and 91% of study population had normal
haemogram at the end of 3 and 6 months respectively.

In the present study, it was observed that 19.1% of study
population had anemia at the time of admission and 70.2% of
study population had leukocytosis during admission.
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Table no.29: Showing results of various studies in the
presence of anemia in patients with AKI

Authors

Presence of anemia at time of
admission (in %)

Current study 19.1

Luca De Santoet al(2009)* |28

KeyvanKarkouti (2011)* 4.1

It is evident that haematological manifestations related to
AKItook around 3 months in majority of study population to get
normalised which is statistically highly significant with
McNemertest Pvalue <0.001 (<0.05).

Serum creatinine levels and urine output are two common
measures reflecting renal function; however, they are each
influenced by factors other than the glomerular filtration rate
and do not provide information on the nature and site of
kidney injury. Currently, there is lack of sensitive and specific
markers for kidney injury available in clinical practice,
although several kidney- specific biomarkers are under
development.”

Coming to the morbidity pattern only 2 individuals had eGFR
below 60 ml/min/1.73m* at the end of the study leading to
chronic kidney disease. Hence majority of the study
population (95.75%) got completely recovered from AKI and
only 4.25% had progressed to CKD which is statistically
insignificant.

None of the study population had gone into dialysis
dependency. And there were no mortalities observed during
the follow up for a period of 12 months.

Limitations
» The sample size was small so it cannot be projected onto a
large population.

» Shorter duration of study period.

* Individuals without any prior history of CKD or without any
baseline values are assumed to have normal kidney
function.

» Non randomised and purposive sampling technique was
used

» forsubjectselection.

Recommendations

* As acute kidney injury is a leading cause of mortality
in hospital further studies are required , for its early
detection.

e S.creatinine acts as one of the markers of acute kidney
injury.

e Studies on new kidney injury molecules like kidney injury
molecule 1 (KIM - 1) ,Neutrophil Gelatinase Assosciated
Lipocalin (NGAL), urinary interleukin 18 are being
currently studied and can be helpful for early detection of
acute renal failure which can improve the prognosis in
cases of reversible renal failure .

SUMMARY AND CONCLUSIONS
1. This study was designed to evaluate the sequelae and
outcomes of acute kidney injury.

2. Atotal of 47 survivors of Acute kidney injury aged 15 years
and above were followed up for one year

3. The age of patient varied from 15 to 71 years and the mean
age was 48.23 years .There were 28 males and 19 females
included in the study.

4. All patients underwent complete blood count, complete
urine examination, blood urea, serum creatinine, serum
electrolytes at admission and further follow up period and
ultrasound abdomen and pelvis was done once during
admission

5. Inthe study Mdgjority (i.e., 27.66%) of the patients with AKI
belong to age group between 51 to 60 years. Therefore

10.

11.

12.

incidence of AKI is more during 6" decade of life in the
current study.
Sepsis contributes as a cause in majority i.e., 46.81% of
patients with AKI by different mechanisms (either direct or
indirect).
Followed by acute gastroenteritis, acute pancreatitis and
dengue accounting for second and third major cause of
AKI.
Change in serum creatinine levels during follow-up
periods was significant from admission till the end of 1
year i.e., in every followup till end of study period) with P
value <0.001(<0.05). (Mcnemer test)
At time of admission all patients had abnormal creatinine
and eGFR calculated at the end of 1 year for all study
population as per MDRD eGFR formula (according to
KDOQI CKD criteria ™) showed that only 2 individuals
(4.25%) had eGFR less than 60 ml/min/1.73m’ and are
labelled as chronic kidney disease according to KDOQI
guidelines. Remaining 45 individuals (95.75%) had eGFR
above 60 ml/min/1.73m”.
Other parameters like urine analysis, routine hemogram
and serum electrolytes took about 3 months to become
normal.
The most common electrolyte abnormality found in the
study population was hyperkalemia.
The most common hemogram abnormality was found to
be

Leucocytosis
None of them progressed into dialysis dependency at the
end of the study period.

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Bellomo R, Kellum JA, Ronco C. Acute kidney injury.Lancet. 2012 Aug
25;380(9843):756-66.

Konstantinos Makrisand Loukia Spanou. Acute Kidney Injury: Definition,
Pathophysiology and Clinical Phenotypes. The clinical Biochemist reviews
2016 May; 37(2): 85-98.

Mahboob Rahman, Fariha Shad, Michael C. Smith. Acute Kidney Injury: A
Guide to Diagnosis and Management. Am Fam Physician. 2012 Oct
1;86(7):631-639.

Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury
Work Group. KDIGO Clinical Practice Guideline for Acute Kidney Injury.
Kidney inter., Suppl. 2012; 2: 1-138.

Kellum JA, Levin N, Bouman C, Lameire N. Developing a consensus
classification system for acute renal failure. Curr Opin Crit Care 2002; 8: 509—
514.

Liano E, Pascual ]. Epidemiology of acute renal failure: a prospective,
multicenter, community-based study. Madrid Acute Renal Failure Study
Group. Kidney Int 1996; 50: 811-818.

Brivet FG, Kleinknecht D], Loirat P Landias PJ. Acute renal failure in intensive
care units—causes, outcome, and prognostic factors of hospital mortality; a
prospective, multicenter study. French Study Group on Acute Renal Failure.
Crit Care Med 1996; 24: 192-198.

Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky B ADQI workgroup. Acute
renal failure - definition, outcome measures, animal models, fluid therapy
and information technology needs: the Second International Consensus
Conference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit Care
2004; 8:R204-R212.

Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG et al. Acute
kidney injury network: report of an initiative to improve outcomes in acute
kidney injury. Crit Care 2007; 11: R31.

Hoste EA, Kellum JA. Acute kidney injury: epidemiology and diagnostic
criteria. CurrOpin Crit Care 2006; 12: 531-537.

Bagshaw SM, George C, Bellomo R, ANZICS Database Management
Committee. A comparison of the RIFLE and AKIN criteria for acute kidney
injury in critically ill patients. Nephrol Dial Transplant 2008; 23: 1569-1574.

Ali T, Khan I, Simpson W, Prescott G, Townend ], Smith W et al. Incidence and
outcomes in acute kidney injury: a comprehensive population-based study. ]
Am Soc Nephrol 2007; 18:1292-1298.

Bagshaw SM, Uchino S, Bellomo R, Morimatsu H, Morgera S, Schetz M et al.
Septic acute kidney injury in critically ill patients: clinical characteristics and
outcomes. Clin] Am Soc Nephrol 2007; 2: 431-439.

Murugan R, Karajala-Subramanyam V, Lee M, Sachin Y, Lan Kong, Carter M
et al. Acute kidney injury in non-severe pneumonia is associated with an
increased immune response and lower survival. Kidney Int 2010; 77: 527-535.
Chertow GM, Christiansen CL, Cleary PD, Munro C, Lazarus JM. Prognostic
stratification in critically ill patients with acute renal failure requiring dialysis.
ArchIntern Med 1995; 155: 1505-1511.

Palevsky PM, Zhang JH, O'Connor TZ, Chertow GM, Crowley ST, Kellum JA.
Intensity of renal support in critically ill patients with acute kidney injury. N
Engl] Med 2008; 359:7-20.

Bellomo R, Cass A, Cole L, Finfer S, Gallagher M, Lo S et al. Intensity of
continuous renal replacement therapy in critically ill patients. N Engl ] Med
2009; 361: 1627-1638.

AmdurRL, Chawla LS, Amodeo S, Kimmel PL, Palant CE. Outcomes following
diagnosis of acute renal failure in US. veterans: focus on acute tubular

148 = GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS



VOLUME - 10, ISSUE - 12, DECEMBER - 2021 * PRINT ISSN No. 2277 - 8160 ¢ DOI : 10.36106/gjra

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Sl

necrosis. Kidney Int 2009; 76: 1089-1097.

Kelly KJ. Distant effects of experimental renal ischemia/reperfusion injury. J
Am Soc Nephrol 2003; 14: 1549-1558.

Rabb H, Wang Z, Nemoto T, Hotchkiss ], Yokota N, Soleimani M. Acute renal
failure leads to dysregulation of lung salt and water channels. Kidney Int
2003; 63: 600-606.

Hoke TS, Douglas IS, Klein CL, He Z, Fang W, Thurman JM. et al. Acute renal
failure after bilateral nephrectomy is associated with cytokine-mediated
pulmonary injury. ] Am Soc Nephrol 2007; 18: 155-164.

Hassoun HT, Grigoryev DN, Lie ML, Liu M, Cheadale C, Tuder RM. et al.
Ischemic acute kidney injury induces a distant organ functional and genomic
response distinguishable from bilateral nephrectomy. Am ] Physiol Renal
Physiol 2007; 293: F30-40.

Singbartl K, Bishop JV, Wen X, Murugan R, Chandra S, Filippi MD. et al.
Differential effects of kidney-lung cross-talk during acute kidney injury and
bacterial pneumonia. Kidney Int 2011; 80: 633-640.

Klein CL, Hoke TS, Fang WE, Altmann CT, Douglas IS, Faubel S. Interleukin6
mediates lung injury following ischemic acute kidney injury or bilateral
nephrectomy. Kidney Int 2008; 74: 901-909.

Rossaint ], Spelten O, Ka"ssens N, Mueller H, Van Akem HK, Zarbock A. et al.
Acute loss of renal function attenuates slow leukocyte rolling and
transmigration by interfering with intracellular signaling. Kidney Int 2011; 80:
493-503.

De Waele J], Hoste EA, Blot SI. Blood stream infections of abdominal origin in
the intensive care unit: characteristics and determinants of death. Surg Infect
(Larchmt) 2008; 9: 171-177.

Hoste EA, Blot SI, Lameire NH, Vanholder RC, De Bacquer, Colardyn FA. Effect
of nosocomial bloodstream infection on the outcome of critically ill patients
with acute renal failure treated with renal replacement therapy. ] Am Soc
Nephrol 2004; 15: 454-462.

Thakar CV, Yared JR Worley S, Cotman K, Paganini EP. Renal dysfunction and
serious infections after open-heart surgery. Kidney Int 2003; 64: 239-246.

Coca SG, Yusuf B, Shlipak MG, Cotman K, Pagamini EP Long-term risk of
mortality and other adverse outcomes after acute kidney injury: a systematic
review and meta-analysis. Am ] Kidney Dis 2009; 53: 961-973.

Hsu C-Y, Chertow GM, McCulloch CE, Fan D, Ordonez ]JD, Go AS.
Nonrecovery of kidney function and death after acute on chronic renal failure.
Clin] Am Soc Nephrol 2009; 4: 891-898.

Hsu CY, Ordon ez JD, Chertow GM,Fan D, McCulloch CE. The risk of acute
renal failure in patients with chronic kidney disease. Kidney Int 2008; 74:
101-107.

Chawla LS, Amdur RL, Amodeo S, Kimmel PL, Palant CE. The severity of acute
kidney injury predicts progression to chronic kidney disease. Kidney Int 2011;
79:1361-1369.

Ishani A, Xue JL, Himmelfarb ], Eggers PW, Kimmel PL, Molitoris BA, et al.
Acute kidney injury increases risk of ESRD among elderly. ] Am Soc Nephrol
2009; 20: 223-228.

Khosla N, Soroko SB, Chertow GM, Himmelfarb J, Ikizler TA, Paganini E, et al.
Preexisting chronic kidney disease: a potential for improved outcomes from
acute kidney injury. Clin] Am Soc Nephrol 2009; 4: 1914.

Lo L], Go AS, Chertow GM, McCulloch CE, Fan D, Ordonez JD, et al. Dialysis-
requiring acute renal failure increases the risk of progressive chronic kidney
disease. Kidney Int 2009; 76: 893-899.

Okusa MD, Chertow GM, Portilla D. The Nexus of Acute Kidney Injury, Chronic
Kidney Disease, and World Kidney Day 2009. Clin ] Am Soc Nephrol 2009; 4:
520.

Thakar CV, Quate-Operacz M, Leonard AC, Eckman MH. Outcomes of
haemodialysis patients in a long-term care hospital setting: a single-centre
study. AmJ Kidney Dis 2010; 55: 300-306.

Waikar SS, Winkelmayer WC. Chronic on acute renal failure. JAMA 2009; 302:
1227.

Wald R, Quinn RR, Luo]J, Li B Scales DC, Mamdani MM, et al. Chronic dialysis
and death among survivors of acute kidney injury requiring dialysis. JAMA
2009; 302:1179-1185.

Finn WE Enhanced recovery from post ischemic acute renal failure. Micro
puncture studies in the rat. Circ Res 1980; 46: 440-448.

Gueler F, Gwinner W, Schwarz A, Haller H. Long-term effects of acute
ischemia and reperfusion injury. Kidney Int 2004; 66: 523-527.

Devarajan P Update on mechanisms of ischemic acute kidney injury. ] Am Soc
Nephrol 2006; 17: 1503-1520.

Ma FY, Ikezumi Y, Nikolic-Paterson DJ. Macrophage signalling pathways: a
novel target in renal disease. Semin Nephrol 2010; 30: 334-344.

Vielhauer V, Kulkarni O, Reichel CA, Anders HJ. targeting the recruitment of
monocytes and macrophages in renal disease. Semin Nephrol 2010; 30: 318—
333.

Eric A] Hoste, Gilles Clermont, Alexander Kersten, Ramesh Venkataraman,
Derek C Angus, Dirk De Bacquer, and John A Kellum. RIFLE criteria for acute
kidney injury are associated with hospital mortality in critically ill patients: a
cohort analysis.Crit Care. 2006; 10(3): R73.

RicciZ, CruzD and Ronco C. The RIFLE criteria and mortality in acute kidney
injury: A systematic review. Kidney International (2008); Vol 73:pg 538-546.
Jose’e Bouchard, Sharon B. Soroko, Glenn M. Chertow, Jonathan
Himmelfarb, Alp Ikizler T, Emil P Paganini, and Ravindra L. Mehta. Fluid
accumulation, survival and recovery of kidney function in critically ill patients
with acute kidney injury. Kidney International (2009) Vol 76, pg 422-427.
Andrea Havasi and Steven C. Borkan. Apoptosis and acute kidney injury.
Kidney International (2011) Vol 80, pg 29-40.

Steven G. Coca, Swathi Singanamala and Chirag R. Parikh. Chronic kidney
disease after acute kidney injury: a systematic review and meta-analysis.
Kidney International (2012) Vol 81, pg 442-448.

Jean-Philippe Lafrance and Donald R. Miller. Acute Kidney Injury Associates
with Increased Long-Term Mortality. Journal of the American Society of
Nephrology.(2010) Vol 21, pg 345-352.

Sean M. Bagshaw, Shigehiko Uchino, Rinaldo Bellomo, Hiroshi Morimatsu,
Stanislao Morgera, Miet Schetz, lan Tan, Catherine Bouman, Ettiene Macedo
Noel Gibney, Ashita Tolwani, Heleen M. Oudemans-van Straaten, Claudio

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
68.

69.

70.

71.

72.
73.

74.

75.

76.

77.

78.

79.

80.

8l.

82.

Ronco, and John A. Kellum. Septic Acute Kidney Injury in Critically Il Patients:
Clinical Characteristics and Qutcomes. Clinical Journal of the American
Society of Nephrology (2007) Vol 2, pg 431-439.

Gilbert R. Kinsey Li Li Mark D. Okusa. Inflammation in Acute Kidney Injury.
Nephron Exp Nephrol (2008). Vol 109, Pg e102-e107

Marshia Parvin, Mir Rowshan Akter , Md. Mostafizer Rahman and Md.
Fakhruzzaman. Isolation and identification of bacteria with determination of
bacterial loads from different brands of butter and cheese. Asian-
Australasian Journal of Bioscience and Biotechnology. (2016) , Vol 1 (3), pg
504-513.

Anna Malkina. www.msdmanuals.com/professional/genitourinary-
disorders/ acutekidney-injury/acute-kidney-injury-aki.

Lakhmir S. Chawla and Paul L. Kimmel. Acute kidney injury and chronic
kidney disease: an integrated clinical syndrome, ScienceDirect, Kidney
International, (2012), Vol 82 (5), pg 516-524.

Ravindra L Mehta, John A Kellum, Sudhir V Shah, Bruce A Molitoris, Claudio
Ronco, David G Warnock, Adeera Levin. Acute Kidney Injury Network: report
of an initiative to improve outcomes in acute kidney injury, Critical Care,
(2007) Vol11(31).

Konstantinos Makris and Loukia Spanou. Acute Kidney Injury: Definition,
Pathophysiology and Clinical Phenotypes. Clin Biochem Rev.( 2016), Vol
37(2).,pg 85-98.

Arvind Bagga, Aysin Bakkaloglu, Prasad Devarajan, Ravindra L. Mehta &
John A. Kellum & Sudhir V. Shah, Bruce A. Molitoris, Claudio Ronco, David G.
Warnock, Michael Joannidis and Adeera Levin. Improving outcomes from
acute kidney injury: report of an initiative. Pediatr Nephrol. (2007) Vol 22, pg
1655-1658.

Peter A. McCullough. Contrast-Induced Acute Kidney Injury, Journal of the
American College of Cardiology. (2008). Vol 51 (15).

Guadalupe Garcia-Tsao, Chirag R. Parikh and Antonella Viola. Acute Kidney
Injury in Cirrhosis. Heptology, (2008), Vol. 48 (6), pg 2064-2077.

Lakhmir S. Chawla, Richard L. Amdur, Susam Amedeo, Paul L. Kimmel and
Carlos E palant. The Severity of acute kidney injury predicts progression to
chronic kidney disease. International society of nephrology,2011;79:1361-
1369.

Weiss AS, Sandmaier BM, Storer B et al. Chronic kidney disease following
nonmyeloablative hematopoietic cell transplantation. Am J Transplant 2006;
6:89-94.

K/DOQI clinical practice guidelines for chronic kidney disease: Evaluation,
classification, and stratification. AmJ Kidney Dis 39: S1-5266,2002.

M.T. James, B.R. Hemmelgarn, N. Wiebe, et al. Glomerular filtration rate,
proteinuria, and the incidence and consequences of acute kidney injury: a
cohort study Lancet, 376 (2010), pp. 2096-2103.

Chertow GM, Burdick E, Honour M, Bonventre JV, Bates DW: Acute kidney
injury, mortality, length of stay, and costs in hospitalized patients. ] Am Soc
Nephrol 2005, 16: 3365-3370.

Lassnigg A, Schmidlin D, Mouhieddine M, Bachmann LM, Druml W, Bauer P
Hiesmayr M: Minimal changes of serum creatinine predict prognosis in
patients after cardiothoracic surgery: a prospective cohort study. ] Am Soc
Nephrol 2004, 15: 1597-1605.

Han WK

Rihal C.S., Textor S.C., Grill D.E., et al. (2002) Incidence and prognostic
importance of acute renal failure after percutaneous coronary intervention.
Circulation 105:2259-2264.

Nikolsky E., Mehran R., Turcot D.B., et al. (2004) Impact of chronic kidney
disease on prognosis of patients with diabetes mellitus treated with
percutaneous coronary intervention. AmJ Cardiol 94:300-305.

Sriram Krishnamurthy, Nivedita Mondal, Parameswaran
Narayanan,Niranjan Biswal, Sadagopan Srinivasan, Rajendran
Soundravally. Incidence and etiology of acute kidney injury in southern india.
The Indian journal of Pediatrics 2013; 80:183-189.

Alaleh Gheissari, Pardis Mehrasa, Alireza Merrikhi, Yahya Madihi. Acute
kidney injury: A pediatric experience over 10 years at a tertiary care center.
J.Nephropathol.2012Jul;1(2):101-108.

AliDuzova

Helmer C, Stengel B, Metzger M, Froissart et al. Chronic kidney diseade,
cognitive decline, and incident dementia. Neurology journal (2011); Dec: 77
(23).

Jaime Lucove, Suma Vupputuri, Gerardo Heiss, Kari North, Marie Russell.
Metabolic syndrome and the development of CKD in American Indians: The
strong heart study.American journal of kidney diseases 2008;51(1):21-28.
Hiroshi Watanabe, Toru Watanbe, Shigeru S, Kojiro N, Dan M Roden,
Yoshifusa Aizawa. Close bidirectional relationship between chronic kidney
disease and atrial fibrillation: The Niigata preventive medicine study.
American Heart Joernal 2009;158(4):629-636.

Marlies Ostermann and René WS Chang. Correlation between parameters at
initiation of renal replacement therapy and outcome in patients with acute
kidney injury. Critical Care 2009, 13:R175.

Daniela Ponce, Caroline de P F Zorzenon NYD Santos, Andre LB.Early
nephrology consultation can have an impact on outcome of acute kidney
injury patients. Nephrology Dialysis Transplantation,2011;26(10):3202-3206.
Jagadish Khanagavi, Tanush Gupta, Wilbert S. Aronow, Tushar Shah, Jalaj
Garg, Chul Ahn, Sachin Sule, Stephen Peterson. Hyperkalemia among
hospitalized patients and association between duration of hyperkalaemia
and outcomes. Arch Med Sci 2014; 10, 2: 251-257.

Lisa M. Einhorn. Min Zhan, Van Doren Hsu, Lori D. Walker, Maureen F. Moen
et al.The Frequency of Hyperkalemia and Its significance in Chronic Kidney
Disease. Arch Intern Med. 2009;169(12):1156-1162.

Anna Grodzinsky, Abhinav Goyal, Kensey Gosch et al.Prevalence and
Prognosis of hyperkalaemia in patients with acute myocardial infarction. The
American Journal of Medicine,2016;129(8):858-865.

M.S. Biagioni Santos, A.C. Seguro and L. Andrade. Hypomagnesemia is a
risk factor for nonrecovery of renal function and mortality in AIDS patients
with acute kidney injury. Braz ] Med Biol Res, March 2010, Volume 43(3) 316-
323.

C. Barrett Bowling, Bertram Pitt, Mustafa I. Ahmed, Inmaculada B. Aban, Paul

GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS = 149



VOLUME - 10, ISSUE - 12, DECEMBER - 2021 * PRINT ISSN No. 2277 - 8160 * DOI : 10.36106/gjra

83.

84.

85.

86.

87.

88.

W. Sanders et al. Hypokalemia and Outcomes in Patients With Chronic Heart
Failure and Chronic Kidney Disease Findings From Propensity-Matched
Studies. Circ Heart Fail. 2010;3:253-260.

Morgan E. Grams, Brad C. Astor, Lori D. Bash, Kunihiro Matsushita, Yaping
Wang, and Josef Coresh. Albuminuria and Estimated Glomerular Filtration
Rate Independently Associate with Acute Kidney Injury. ] Am Soc Nephrol,
2010;21:1757-1764.

Ferdau L. Nauta, Wendy E. Boertien, Stephan J.L. Bakker, Harry Van Goor et
al. Glomerular And Tubular Damage Markers Are Elevated In Patients With
Diabetes. Diabetes Care, 2011 ;34:975-981.

Abdul Chaudary, William ] Stone, Julia A, Breyer. Occurrence of pyuria and
Bacteriuria in asymptomatic hemodyalysis patients. American Journal of
kidney Diseases,1993;21(2):180-183.

Frank B Cortazar, Kristen A Marrone, Megan L Troxell et al. Clinico
pathological features of acute kidney injury associated with immune
checkpoint inhibitors. Kidney International,2016;90(3):638-647.

Luca De Santo, Gianpaolo Romano, Alessandro Della Corte, Vincenzo de
Simone, Francesco Grimaldi, Maurizio Cotrufo, and Marisa de Feo.
Preoperative anemia in patients undergoing coronary artery bypass grafting
predicts acute kidney injury. The Journal of Thoracic and Cardiovascular
Surgery, 2009:138( 4):965-970.

Keyvan Karkouti, Duminda N. Wijeysundera, Terrence M. Yau et al. Influence
of Erythrocyte Transfusion on the Risk of Acute Kidney Injury after Cardiac
Surgery differs in Anemic and Nonanemic Patients. Anesthesiology 2011;
115:523-30

150 = GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS




