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Mechanical ventilation (MV) is commonly regarded as a risk 

factor for acute kidney injury (AKI) in the critically ill. 

 Acute lung injury (ALI) and acute kidney injury (AKI) are 

complications 

often encountered in the setting of critical illness. 

Both forms of end-organ injury commonly occur in similar 

settings of systemic inflammatory response syndrome, 

shock, and evolving multiple organ dysfunction. 

 

 

 

 (VIKI) 
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 mechanical ventilation (MV) has been devised 

 based upon the four pathophysiologic patterns of respiratory  failure 

 Type I respiratory failure (acute hypoxemia) 

 Type II respiratory failure (hypoventilatory) 

 occurs in the setting of the failure of alveolar ventilation  leading to the 
retention of carbon dioxide (hypercapnia). 

 Type III respiratory failure 

 (‘perioperative’) relates to the susceptibility of the pulmonary 

 system to atelectasis in the perioperative period. 

 type IV respiratory failure (shock) 

 fall outside the specific definitions of the first three categories 
categories, 

 and require MV for support in the setting of systemic 

 hypoperfusion (cardiogenic, hypovolemic, septic, 

 or other forms of shock) associated respiratory muscle 

 fatigue and increased minute ventilation requirements 

 (systemic inflammation, hypermetabolism, metabolic 

 acidosis). 
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ALI is a clinical syndrome characterized by 

acute (less than 7 days) onset of severe 

hypoxemia and bilateral pulmonary  

infiltrates in the absence of elevated left 

atrial  pressures. 
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 Renal Effects of ALI and Mechanical Ventilation 

 AKI is an independent predictor of mortality in ICU  
patients. 

 Unfortunately, AKI often develops as a 

component of multi-organ system dysfunction in 
critically  ill patients and may lead to mortality rates 
in excess  of 60%. 

 Recent  advances in critical care, including the 
implementation  of lung-protective ventilatory 
strategies, have disclosed  the role of inflammatory 
mediators of ALI . 

 And   specifically ventilator-induced lung injury in the 
pathogenesis  of AKI, which in some cases might 
appropriately  be called ventilator-induced kidney 
injury (VIKI). 
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In 1947, PPV was first shown to affect 

renal function  and perfusion 

two main components contributing to the 

decrease in renal perfusion and function caused by PPV,broadly 

categorized as hemodynamic and neurohormonal. 

Increased intrathoracic pressure associated 

with PPV decreases the venous return to the heart (preload) 

and may result in decreased cardiac output. 
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 The increase in intrathoracic pressure  has been shown to 
correlate with a decrease in renal  plasma flow, glomerular 
filtration rate (GFR) and urine  output during PPV. 

 

 PPV has been shown to compress the mediastinal structures 
and  pulmonary vasculature and may result in increased right  
ventricular afterload. 

 

 PPV in patients  with increased intrathoracic pressure 
(injured, stiff lungs  or chest wall) or intra-abdominal 
pressure (morbid obesity,abdomina compartment syndrome) 
may act to decrease  renal blood flow by increasing renal 
venous pressure. 

 

 (which diminishes renal perfusion pressure) and by 

 compressing the renal vasculature, thus leading to AKI. 
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 The end  result of all of these neurohormonal 
pathways is diminished renal blood flow, 
decreased GFR, and fluid retention  (salt and 
water) with oliguria. 

 

 

 Despite conflicting  data, there is some 
evidence that fluid retention is caused PPV-
induced production of vasoactive substances. 

 

 These mediators shift intrarenal blood flow from 
the cortex 

 to the medulla, resulting in greater fluid 
retention at any level of renal perfusion. 

 

 PPV has been   shown to increase plasma renin 
activity in both animal 

 models and humans. 

 

 

 

•PPV has been shown to alter a variety of neurohormonal 
systems including sympathetic outflow, the reninangiotensi  
axis, nonosmotic vasopressin (ADH) releas and atrial 
natriuretic peptide (ANP)production. 

 

•PPV leads to increased sympathetic tone, secondary 
activation 

•of the renin-angiotensin axis, and decreased renal 

•plasma flow, GFR and urine output. 

 

•Of course, even 

•if ANP suppression does play a role in causing PPV-induced 

•sodium retention and oliguria, it may not explain 

•the reported decrease in GFR caused by PPV. 
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AKI was  thought to lead to increas pulmonary 

vascular permeability and pulmonary congestion; 

thus, the term ‘uremic lung’ was coined. 

 

 Problems such as refractory hyperkalemia 

pulmonary edema, or  uremic manifestations such as 

pericarditis are related to  AKI when they acutely 

develop in the appropriate setting. 

 

 (bleeding diathesis and  gastrointestinal bleed, 

leukocyte dysfunction with immunosuppression and 

nosocomial infection). 
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Mounting evidence points to the rol cytokines 
and chemokines in the pathogenesis of ARDS. 

 pro-inflammatory effects of PPV may be  
source of AKI, especially in the setting of 
mechanical ventilation and lung-injurious. 

 ventilator strategies (higher tidal volumes 
and lower positive   end-expiratory pressure, 
PEEP). 
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Twenty-eight rats were randomized to: (i) unventilated control animals; 

(ii) tidal volume (VT; 6 ml/kg); (iii) VT (6 ml/kg) and positive end-

expiratory pressure (PEEP; 5 cm H20); (iv) VT (12 ml/kg); or (v) VT (12 

ml/kg) and PEEP (5 cm H20). 

They demonstrated that injurious mechanical 

ventilation strategies induced production of a variety of 

inflammatory cytokines (IL-8 and monocyte chemotactic 

protein-1, amongst others). 

They further demonstrated 

that this injurious strategy induced epithelial cell  apoptosis in both the kidneys 

and intestines, providing   concrete evidence of injurious distant organ cross 

talk 

initiated by PPV-requiring ALI leading to VIKI 

4/30/2018 28 MOHAGHIGHI@GUMS.AC.IR 



 lung-injurious ventilation led to a significant increase in renal 
endothelin-1 production, presumably  leading to increased renal 
vasoconstriction. 

 

 Key roles in a variety of cellular functions, including vascular and 
epithelial permeability and apoptosis. 

 

 nonselective inhibition of nitric oxide synthase (NOS) leads to 
elevated systemic blood  pressure and marked renal 
vasoconstriction. 

 

 PPV with injurious high tidal volumes  (20 ml/kg) induced NOS 
expression in both the lung and  the kidney. 

 

 Thus, it appears that increased  vascular permeability and 
associated cytokine release are  contributors to the development of 
AKI in the setting of PPV. 

4/30/2018 29 MOHAGHIGHI@GUMS.AC.IR 



In summary, the decreased morbidity and mortality 

of patients with ALI achieved with 

 lung-protectivestrategies for mechanical ventilation are likely 

mediated 

not only by amelioration of ventilator-induced lung injury 

and inflammation 

 but also by diminished injurious 

cross talk with distant organs, including the kidneys. 
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 hypercapnic acidosis (type II respiratory failure) has 

been  shown to have a dose-dependent protective 

effect against myocardial ischemi  reperfusion injury. 

 The protective effect of hypercapnic  acidosis may 

result from the inactivation of calcium channels 

(leading to regional vasodilation), a reduction in 

cellular oxygen demand. 

 Hypercapnia can decrease the conversion rate of 

  I-  to NF-  B, and accordingly decrease the release of 

cytokines (IL-8 and ICAM-1) that are implicated  in the 

pathogenesis of ALI, AKI, and other forms of tissue  

injury . 
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 prophylaxis with IL-10 decreased the intensity of 
the inflammatory respons induced by 
nephrectomy. 

 Using   IL-10, other data suggest the potential 
utility of anti-inflammatory  therapy to diminish 
ALI secondary to AKI. 

 

 potential role for IL-6 inhibition to 

 prevent lung injury in the setting of AKI. 

 

 further investigation of the use of IL-10 

 and other anti-inflammatory agents as potential 
therapeutic options for early AKI. 
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Functional genomic analysis of these genes suggested 

that 

 IL-10 and IL-6 signaling was involved 

in the distant effects of local inflammation, and this was 

supported by increased serum levels of 

 IL-10and IL-6 after ischemia-reperfusion 
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These data suggested a role of IL‐18 in the activation and 

sequestration of neutrophils in lungs. 

increased sequestration of neutrophils and microvascular leakage 

might, respectively, relate to the increased IL‐18 level and the 

elevation of TNF‐α/iNOS activity, and these two aspects might 

synergically contribute to intestinal I/R‐induced pulmonary 

dysfunction.  
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Urinary IL-18 levels can be used for the 

early diagnosis of AKI. Urine IL-18 levels 

also predict the mortality of patients who 

have ARDS and are in the intensive care 

unit.  
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This approach requires 

use of a tidal volume of 6 ml/kg of ideal body 

weight, and aims to keep static/plateau airway pressure 

^ 30 cm H 2 O, requiring permissive hypercapnia as needed 

to avoid ventilator-induced lung injury. 
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 The original ARDSNet low tidal volume trial 

 protocol included arterial pH goals and suggested approaches 

 arterial pH goal: 7.30 ^ pH ^ 7.45: 

 a) Management of alkalemia (pH > 7.45): decrease 

 ventilator rate, if possible. 

 (b) Management of mild acidemia (7.15 < pH < 7.30): 

 (1) increase ventilator rate up to a maximum of 35 or 

 until pH > 7.30 or PaCO 2<25 mm Hg; 

  (2) if ventilator rate = 35 or PaCO 2 < 25, then bicarbonate infusion may 

 be given. 

 (c) Management of severe acidemia (pH < 7.15): 

  (1) increase 

 ventilator rate to 35; 

  (2) if ventilator rate = 35 and 

 pH < 7.15 and bicarbonate has been considered or infused, 

 then tidal volume may be increased by 1 ml/kg 

 until pH > 7.15 (under these conditions, target plateau 

 pressure may be exceeded). 
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 hypercapnic acidosis may cause or aggravate 
myocardial depression in  critically ill 
patients, it is generally well tolerated, and 

 buffer therapy should probably be reserved 
for patients  with severe acidemia  

 (pH < 7.15). 

 Particular caution  

 use of permissive hypercapnia in patients 

with pulmonary hypertension and right 
hearfailure, systemic vasodilation may have 

 significant adverse hemodynamic effects. 
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 In summary,, 

  permissive  hypercapnia may favorably influence the 

courseof ALI, associated ventilator-induced lung injury, and 

 harmful organ cross talk between the injured lung and 

 other organs, leading to a protective effect against the 

development  of VIKI. 
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These results support the use of a conserva-tive 

strategy of f luid management in patients with 

acute lung injury.  

(ClinicalTrials.gov number, NCT00281268.) 

4/30/2018 44 MOHAGHIGHI@GUMS.AC.IR 



4/30/2018 MOHAGHIGHI@GUMS.AC.IR 45 



 is significantly correlated 

with fluid retention 

  and weight gain, 

development of ARDS 

  and poor respiratory 

outcome,  

 and mortality in patients 

with sepsis. 
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Albumin and furosemide therapy improves fluid balance, 

oxygenation, and hemodynamics in hypoproteinemic patients with 

acute lung injury. 

The addition of albumin to furosemide therapy in hypoproteinemic 

patients with acute lung injury/acute respiratory distress syndrome 

significantly improves oxygenation, with greater net negative fluid 

balance and better maintenance of hemodynamic stability.  
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PAC-guided therapy did not improve survival or organ function 

 but was associated  

with more complications than CVC-guided therapy. 

 These results, when considered  

suggest that 

 the PAC should not be routinely used for  

the management of acute lung injury. (ClinicalTrials.gov number, 

NCT00281268.) 
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Specifically, 

although the conservative fluid 

arm protocol targeted 

a CVP of 4 mm Hg  
or a pulmonary artery occlusion 

pressure 

(PAOP) of 8 mm Hg 
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The pattern of early multiorgan system failure and death, 
 minimal relative cost of CVVH/D provision, and potential for improved 

outcome with initiation of CVVH/D at lesser degrees of fluid overload 

are factors that  

 

may support early initiation of CVVH/D 

in critically ill children with acute renal 

failure. 
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maintenance of euvolemia (<10% FO) is critical 

 but not sufficient for survival in SCT patients with ARF, 

 as all non-euvolemic patients died. 

We suggest that aggressive use of diuretics and early initiation of RRT to 

prevent worsening of FO may improve the survival of SCT patients. 
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In this large European multicenter study,  

a positive fluid balance was an important factor associated with 

increased 60-day mortality. 

 Outcome among patients treated with RRT was better when RRT 

was started early in the course of the ICU stay. 
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In patients with septic shock, early isovolaemic 

haemofiltration(conventional continuous venovenous 

haemofiltration CVVH) was associated with improved gas 

exchange, haemodynamics, greater likelihood of 

successful weaning and greater 28-day survival compared 

with conventional therapy. 
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PaO2/FiO2 ratio increased from 117±59 to 240±50 in EIHF,  

 

while it changed from 125±55 to 160±50 in the control group ( p 

<0.05). 

 

 In EIHF patients, mean arterial pressure increased (95±10 vs 

60±12 mmHg; p <0.05 

 

norepinephrine dose decreased (0.20±2 vs 0.02±0.2 µg/kg/min; 

p <0.05). 

 Among EIHF patients, 28 (70%) were successfully weaned from 

the ventilator compared with 15 (37%) in the control group ( p 

<0.01). 
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 it is evident that there is a deleterious 
bidirectional relationship between the AKI 
and ALI. 

 Increasing evidence points to cross talk 
between these two distant organs, and shows 
that injury to one organ may  initiate and 
aggravate injury to the other. 

 

 Recent data  show that the kidneys play an 
important role in the production  and 

elimination of mediators of inflammation and 

ALI. 
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exposure to the inflammatory milieu  of 

ALI and mechanical ventilation-induced 

injury  may precipitate the onset of AKI, 

and we suggest that this 

phenomenon might be termed ventilator-

induced kidney injury (VIKI). 
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THANK YOU FOR 

YOUR GREAT 

ATTENTION  
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