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Abstract  

Background:  Mechanical ventilation can be lifesaving  
but it is also associated with numerous complications. The  
incidence of some complications increases with duration of  
mechanical ventilation, its effects on renal function results in  
decreas GFR, and fluid retention.  

Aim of Study:  To investigate the effect of positive pressure  
mechanical ventilator on renin and to study its prognostic  
value.  

Patients and Methods:  This study was conducted on 50  
patients admitted to the intensive care unit (ICU) and needed  
mechanical ventilation and did not met any of exclusion  
criteria and 25 control (critically ill patients who did not need  
mechanical ventilator). The patients were divided into 2 equal  
groups; group I with use high PEEP (10-15) and group II with  
physiological PEEP (3-5). Renin levels were measured for  
these patients on first day of using PPV (renin 1) then after  
72h (renin 2).  

Results:  Renin levels were increased with use mechanical  
ventilation and were significantly higher with higher level of  
PEEP. There was correlation between renin with urea and  
Creatinine levels and significant correlation with APACH IV  
score and length of mechanical ventilation only in patients.  
Renin levels were significant higher in patients need hemo-
dynamic support and in non survivors. We estimated an optimal  
cutoff values for renin 1 and renin 2 level of (41, 51 µ g/L  
respectively) to predict ICU mortality with moderate sensitivity  
and specificity.  

Conclusion:  Mechanical ventilation caused elevation of  
renin levels especially with higher levels of PEEP. Renin  
levels in mechanically ventilated patients correlated with  
kidney function test (urea and Creatinine) and with length of  
mechanical ventilation and with APACH IV score. Values for  
renin 1 and renin 2 of (41, 5 1 µ g/L respectively) could be used  
as a cutoff value to predict ICU mortality with moderate  
sensitivity and specificity.  
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Introduction  

MECHANICAL  ventilation is a standard compo-
nent of intensive care unit management of critically  

ill patients and is widely used for respiratory  

support [1] . It is associated with numerous organ-
system complications, which can significantly  
affect the outcome of critically ill patients [2] .  
There are numerous mechanisms underlying the  

development of complications in the ventilated  
patient [3,4] .  

The influences of mechanical ventilation on  

kidney function generally fall under 3 categories:  

[5]  hemodynamic changes, blood gas disturbances  
and biotrauma [6] . However, because effects on  
cardiac output and renal perfusion are insufficient  

to fully explain the mechanism of PPV-induced  

oliguria and renal dysfunction, other mechanisms  

have been proposed to explain these phenomena;  

[7,8]  PPV has been shown to alter a variety of neu-
rohormonal systems including sympathetic outflow,  

the renin-angiotensin axis, nonosmotic vasopressin  

(ADH) release and atrial natriuretic peptide (ANP)  

production. The end result of all of these neurohor-
monal pathways is diminished renal blood flow,  

decreased GFR, and fluid retention with oliguria.  
[9,10] .  

The aim of study:  

To investigate the effect of positive pressure  
ventilation on renin and to investigate its prognostic  

value in relation to ICU course and outcome.  

Patients and Methods  

This study was conducted on 50 patients admit-
ted to the intensive care unit (ICU of Misr Univer-
sity for Science and Technology Teaching Hospital)  
and need mechanical ventilation and 25 control  
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(critically ill patients did not need mechanical  

ventilation) in the period from 2012 to 2015.  

Patient selection:  
Patients who need mechanical ventilation on  

ICU admission and did not meat any of the exclu-
sion criteria were selected into the study and they  

had been followed up till the day of discharge or  

demise. Most of patients in this study were trau-
matic brain injury to fulfil the exclusion criteria.  

Exclusion criteria:  
• Patients with chronic renal impairment.  

• Patients with chronic lung disease (e.g. COPD,  

bronchial asthma, interstitial pulmonary fibrosis).  

• Primary pulmonary hypertension  
• Patients with advanced heart failure, acute myo-

cardial infarction and hemodynamically unstable  

patients.  
• Post-arrest patient.  
• Patients with severe sepsis or septic shock.  
• Patients with liver cirrhosis.  
• Patients with terminal malignancy.  
• Patient age <18 years old.  
• Pregnant female patients.  
• Patients with autoimmune disease.  

Patients subdivided into two groups:  
• Group I: Patients on mechanical ventilation and  

need high level of PEEP (10-15cm H 2O), they  
include 25 patients  

• Group II: Patients on mechanical ventilation with  

lower level of PEEP (5 or less) (i.e. physiological  

PEEP), they include 25 patients.  

Control group include 25 critically ill patients  
admitted to ICU and did not need mechanical  

ventilation.  

The care of patients was directed according to  

guidelines and was not modified by the study.  
Generally, the first priority was to stabilize the  

general condition of the patient and support them  
with mechanical ventilation according to their  

requirements.  

Routine laboratory investigations were done  

on study day 1 and subsequently after 3 days to  

fulfill criteria of APACHE IV (Acute Physiology  
and Chronic Health evaluation).  

Labs specific for this study:  

Plasma renin levels were measured using  
ELIZA technique immediately after using mechan-
ical ventilator and 3 days later.  

Haemolytic, icteric or lipaemic samples had  

not been used. Samples preserved at –20 ° C or  
below and stored for analysis. Frozen Samples  
were allowed to thaw and then the samples brought  

to room temperature before analysis.  

Principle of the test:  

The DRG Renin ELIZA kit was a solid phase  
enzyme-linked immunosorbent assay (ELIZA)  

based on the sandwich principle.  

The microtiter wells was coated with mono-
clonal (mouse) antibody directed towards a unique  
antigenic site of the human active rennin molecule.  

An aliquot of specimen sample containing endog-
enous rennin was incubated in the coated well  
together with Assay Buffer. After incubation, un-
bounded components were washed off. Finally,  
Enzyme Conjugate, which is a monoclonal anti-
Renin antibody conjugated with horseradish per-
oxidase, was added, and after incubation, unbound  
enzyme conjugate was washed off.  

The amount of bound peroxidase is proportional  

to the concentration of Renin in sample. Having  

added the substrate solution, the intensity of color  

developed is proportional to the concentration of  

active Renin in the specimen sample.  

Results  

This study was conducted on patients age ranged  

from 18-80 years with a mean (47.36 ± 16.15) years.  
Control group age ranged from18-74 with a mean  
(46.08± 15.20) years.  

There were 31 males and 19 females (male/  
female ratio 1.63) in patients, while control exhibit  

15 males and 10 females, (male/female ratio 1.5).  

There was no statistically significant difference  

between both groups.  

Clinical characteristics of enrolled patients:  

Clinical characteristic of control versus group  
I and group II:  

In this study, group I had 6 hypertensive pa-
tients, 2 diabetic patients and 1 patient with ischem-
ic heart disease. In group II there were 10 hyper-
tensive patients, 3 diabetic patients and 1 patient  

with ischemic heart disease. In Control group 10  

patients were hypertensive, 3 patients were diabetic,  
and 1 patient had ischemic heart disease. There  

was no statistically significant difference between  

group I and group II versus control as regard  

clinical characteristic. (Table 1, Fig. 1).  
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Table (1): Clinical characteristic of control versus group I  
and group II.  

Control Group I Group II p - 
(N=25) (N=25) (N=25) value  

HTN (Y/N)  10/15  6/19  10/15  0.389  
DM (Y/N)  3/22  2/23  3/22  0.869  
IHD (Y/N)  1/24  1/24  2/23  0.767  

HTN 
 

: Hypertension. N: Number.  
DM 
 

: Diabetes mellitus. Y: Yes.  
IHD 

 

: Ischemic heart disease. N: No.  

Control Group I Group II  

Fig. (1): Clinical characteristic of control versus group I and  

group II.  

I- Renin level in patient versus control:  
The renin 1 and 2 levels were significantly  

higher in group I when compare with group II and  
control (Table 2, Fig. 2).  

Table (2): Renin level in controls versus group 1 & group 2.  

Renin 1  
(Mean ±  SD)  

(Range)  

Renin 2  
(Mean ±  SD)  

(Range)  

p -
value  

Controls (N=25)  22.48±20.26  30±24.10  0.238  
(2-79)  (3-99)  

Group 1 (N=25)  58.0±67.78  87.12±65.47  0.128  
(7-255)  (33-260)  

Group 2 (N=25)  27.72±31.96  21.32±25.19  0.435  
(2-115)  (3-115)  

p-value  0.013  0.000  

N: Number. SD: Standard deviation.  

Fig. (2): Renin level in controls versus group 1 and group 2.  

II- Renin levels in relation to kidney function test  

(KFT): 
 

a- Renin in relation to serum Creatinine and  

urea levels in patients:  
There was a significant positive correlation  

between renin with Creatinine and urea ( p=0.005)  
(Table 3).  

Table (3): Renin level versus creatinine in patient.  

Mean ±  SD  Min Max. Median  r 
p - 

value  

Renin 1 42.86±54.63  2  255  17  0.286 0.045  

Creatinine 1 0.82±0.34  
(mg/dl)  

0.2  1.5  0.8  

Renin 2 53.72±59.08  3  260  120  0.369 0.005  

Creatinine 2 0.91 ±0.59  
(mg/dl)  

0.1  2.7  0.8  

Renin 1 42.86±54.63  2  255  17  0.530 <0.001  

Urea 1 36.92±30.38  
(mg/dl)  

5  138  32  

Renin 2 53.72±59.08  3  260  0.494  0.494 <0.001  

Urea 2 35.88±9204  
(mg/dl)  

6  145  

Min.: Minimum. Max.: Maximum. SD: Standard deviation.  
1: Value at first day of mechanical ventilation.  
2: Value in third day of mechanical ventilation.  

b- Renin levels in relation to serum Creatinine  
and urea levels in control:  

There was no significant correlation between  

renin and Creatinine or urea in control (Table 4).  

Table (4): Renin levels versus creatinine in control.  

Mean ±  SD  Min Max. Median  r  
p - 

value  

Renin 1  22.48±20.26  2  79  14  0.118  0.576  

Creatinine 1  
(mg/dl)  

0.72±0.39  0.2  1.52  0.6  

Renin 2  30±24.10  3  99  30  –0.179  0.392  

Creatinine 2  
(mg/dl)  

0.68±0.45  0.1  2.23  0.68  

Renin 1  22.48±20.26  2  79  14  –0.052  0.805  

Urea 1  
(mg/dl)  

37.28±22.26  6  91  40  

Renin 2  30±24.10  3  99  30  –0.293  0.156  

Urea 2  
(mg/dl)  

30.88± 18.95  6  80  26  

Min.: Minimum. Max.: Maximum. SD: Standard deviation.  
1: Value at first day of mechanical ventilation.  
2: Value in third day of mechanical ventilation.  

c- Renin levels in relation to urine output (UOP)  
in patient:  

There was no significant correlation between  

renin and urine output in day (Table 5).  



Renin 1  
Renin 2  
Renin 1  

(controls)  
Renin 2  

(controls)  

134.28±88.46  
142.42±84.61  
7.75±8.88  

12.75± 16.85  

36.72±28.28  
43.69±39.04  
12.5±2.38  

11.25±2.98  

0.018  
0.017  
0.283  

0.885  

r  
p - 

value  

r  
p - 

value  
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Table (5): Renin levels versus urine output in patients.  

Mean ±  SD  Min Max. Median  r  
p - 

value  

Renin 1  
UOP 1  

(ml/h)  
Renin 2  
UOP 2  

(ml/h)  

42.86±54.63  
147.80±110.86  

53.72±59.5  
112.86±63.86  

2  
46  

3  
20  

255  
500  

260  
400  

17  
147  

120  
95  

–0.098  

–0.012  

0.500  

0.935  

Min.: Minimum. Max.: Maximum. SD: Standard deviation.  

UOP: Urine output.  H: Hour.  
1: Value at first day of mechanical ventilation.  
2: Value in third day of mechanical ventilation.  

d- Correlation between renin levels with GFR  
in patients:  

There was no significant correlation between  

renin and GFR in day (Table 6).  

Table (6): Correlation between renin levels with GFR in  
patients.  

Mean ±  SD  r  p-value  

Renin 1  
GFR 1  

Renin 2  
GFR 2  

42.86±54.63  
113.56±67.04  

53.72±59.08  
119.16±75.26  

–0.200  

–0.060  

0.164  

0.678  

GFR: Glomerular filtration rate. SD: Standard deviation.  
1: Value at first day of mechanical ventilation.  
2: Value in third day of mechanical ventilation.  

III- Renin levels in relation to severity of illness  

during ICU stay:  
A- Correlation between renin levels with length  

of mechanical ventilation:  
a- Renin 1 level versus length of mechanical  

ventilation (LOMV):  
There was no significant correlation between  

renin and length of mechanical ventilation (Table 7).  

Table (7): Renin 1 versus length of mechanical ventilation  

(LOMV).  

Renin 1 
 

LOMV (days)  
(Mean ±  SD) 

 

(Mean ±  SD  

Patients (N=50)  42.86±54.63  7.48±3.34  0.239  0.095  
Group I (N=25)  58±67.78  8.64±3.82  0.191  0.359  
Group II (N=25)  27.72±31.96  6.32±2.32  0.028  0.894  

N: Number. SD: Standard deviation.  
LOMV: Length of mechanical ventilation.  

b- Renin 2 level versus length of mechanical  
ventilation (LOMV):  

There was significant positive correlation be-
tween renin 2 in Patients especially in Group I  

with length of mechanical ventilation in patients  
(Table 8).  

Table (8): Renin 2 versus length of mechanical ventilation  

(LOMV).  

Renin 2 
 

LOMV (days)  
(Mean ±  SD) 

 

(Mean ±  SD  

Patients (N=50) 
 

53.72±59.08 7.8±4.65 0.391 
 

0.005  
Group I (N=25) 

 

87.12±65.47 6.64±3.82 
 

0.407 
 

0.044  
Group II (N=25) 

 

21.32±25.19 6.32±2.32 
 

0.170 
 

0.416  

N: Number. SD: Standard deviation.  
LOMV: Length of mechanical ventilation.  

B- Correlation between renin levels with need for  
hemodynamic support:  
There was significant higher renin level in  

patients needed hemodynamic support than those  
did not need support (Table 9).  

Table (9): Correlation between renin levels with need for  

hemodynamic support in patients.  

Patients need HDS 
 

Patients not need HDS 
 

p -
(N=7) (Mean ±  SD) 

 

(N=43) (mean±  SD) 
 

value  

N: Number. SD: Standard deviation. HDS: Hemodynamic support.  

C- Correlation between renin levels with length of  

ICU stay:  
There was no significant correlation between  

the length of ICU stay and renin (Table 10).  

Table (10): Length of ICU stay (LOS) versus renin 1 in patients  
and control.  

(Mean±SD)  

Length of  
ICU stay  

(days)  
Renin 1  Renin 2  r  

p - 
value  

Patients  9.3±6.2  42.86±54.63  53.72±59.08  –0.005  0.971  
(N=50)  
Control  9.7±5.9  22.48±20.26  30±24.10  0.315  0.125  
(N=25)  
Group I  10.8±8.2  58.0±67.78  87.12±65.47  –0.021  0.921  
(N=25)  
Group II  8.7±3.9  27.72±31.96  21.32±25.19  0.127  0.547  
(N=25)  

N: Number. SD: Standard deviation.  

D- Correlation between renin levels versus  
APACHE IV:  

There were significant positive correlation  
between APACHE IV and renin only in patients  
(Table 11).  
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Table (11): APACHE IV versus renin in patients.  

APACHE IV  
(Mean±SD)  

Day 1 (pt)  64.62±18.30  42.86±54.63  0.309  0.029  
Day 3 (pt)  63.54±17.41  53.72±59.08  0.403  0.004  
Day 1 (control)  59.96±11.45  22.48±20.26  0.146  0.466  
Day 3 (control)  66.76±12.12  30±24.10  0.025  0.905  

SD: Standard deviation.  

E- Correlation between renin levels with mortality:  
In patients, the non survivors exhibited signif-

icant higher levels of renin (Table 12, Fig. 3).  

Table (12): Correlation between renin with mortality in patients.  

Survivors Non-survivors  
(N=33) (66%) 

 

(N=17) (34%)  
(Mean±SD) (mean±SD)  

Renin 1  29.24±25.65  90.15±82.96  0.017  
Renin 2  36.48±31.15  102.76±85.70  0.016  
Renin 1 (control)  21.55±23.55  29.33±20.66  0.429  
Renin 2 (control)  25.66±30.05  32.88±33.45  0.542  

N: Number. SD: Standard deviation.  

Fig. (3): Correlation between renin with mortality in patients.  

ROC Curve  
1.0  

0.8  

0.6  

0.4  

0.2  

0.0  
0.0 0.2 0.4 0.6 0.8 1.0  

1-Specificity  
Diagonal segments are produced by ties  

Fig. (4): Roc for mortality in all patients renin 1.  

Receiver operator characteristic (ROC) curve  

was calculated from the use of renin 1 level in all  
patients as a predictor for mortality. The area under  

curve (AUC) for renin 1 to predict ICU mortality  
was 0.777 (95% confidance interval, 0.605-0.948).  

The optimal cutoff value of rennin 1 level in all  

patients to predict ICU mortality was 41µg/l with  
a sensitivity of 70% and specificity of 87%, PPV=  

76% and NPV=87% (Fig. 4).  

Receiver operator characteristic (ROC) curve  

was calculated from the use of renin 2 level in all  
patients as a predictor for mortality. The area under  

curve (AUC) for renin 2 to predict ICU mortality  
was 0.743 (95% confidance interval, 0.560-0.926).  

The optimal cutoff value of renin 2 level in all  

patients to predict ICU mortality was 51µg/l with  
a sensitivity of 85% and specificity of 86%,  
PPV=70% and NPP=94% (Fig. 5).  
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Fig. (5): Roc for mortality in all patients renin 2.  

Discussion  

Renin levels increased with the use mechanical  
ventilation and were significantly higher with  

higher level of PEEP. The renin 1 (58.0 ±67.78)  
and renin 2 (87.12±65.47) levels were significantly  

higher in group I when compare with group II  

(27.72±31.96, 21.32±25.19) and control (22.48 ±  
20.26, 30±24.10) (p=0.013 and 0.000 respectively).  

Annat G, et al. [11]  measured hormonal param-
eters in seven intensive care patients during three  

consecutive 60-min periods; one of intermittent  

positive pressure ventilation (IPPV), one of CPPV  
(PEEP 10cm H2O), and finally one of IPPV and  
found that Institution of PEEP led to a significant  

increase in plasma renin activity, plasma aldoster-
one.  

Marius G., et al. [12]  who made a study on ten  
male patients treated postoperatively for 60min  

p - 
value  
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using five different ventilation modes, at the end  

of these periods, hemodynamics, urine production,  
fractional excretion of sodium (FESo), as well as  

the hormones [atrial natriuretic peptide (ANP),  

renin, angiotensin II, aldosterone, and antidiuretic  

hormone (ADH)] were measured. They found that  

renin with a positive end-expiratory pressure  
(PEEP) of 15cm H2O and an inspiration/expiration  
ratio (I:E) of 1:2 revealed significant increases  

from baseline, However aldosterone, angiotensin  

II, and antidiuretic hormone (ADH) levels remained  
within the normal range.  

In addition to P Andrivet, et al. [13]  examined  
the renal and hormonal responses to synthetic  
human ANF infusion in eight patients during me-
chanical ventilation with zero PEEP (ZEEP) or  

10cm H2O positive end-expiratory pressure (PEEP).  
They determined that, compared with ZEEP, MV  

with PEEP was associated with increase in plasma  

renin activity (PRA) from 4.83 1.53 to 7.85  

3.02ng.ml-1.h-1 (P less than 0.05). Infusion of  

ANF (5ng.kg-1.min-1) during PEEP markedly  
decreased plasma renin activity from 7.85 3.02 to  

4.40 1.5ng.ml-1.min-1 (p  less than 0.05). In re-
sponse to a 10ng.kg-1.min-1 ANF infusion.  

On the other hand, JB Thorens, et al. [14]  made  
a study to investigate the haemodynamic and en-
docrinological effects of noninvasive positive  
pressure ventilation. Measurements were performed  

on the fourth day, for 4 hours without noninvasive  

positive pressure ventilation and 4 hours with  

noninvasive positive pressure ventilation. They  

found that plasma renin activity, aldosterone and  

vasopressin were normal.  

Also, S. Tanaka, et al. [15]  measured responses  
during Continuous positive pressure ventilation  
(PEEP = 12mmHg) in 10 male subjects (22.0 ±0.6  
years, 66.8± 1.5kg body weight). The experiments  
consisted of a 1-hour control, 1h with Continuous  
positive pressure ventilation, and a 1-h recovery  

period. Two blood samples were taken during each  

period for measurements of arginine vasopressin  

(AVP), plasma aldosterone, plasma renin activity,  
norepinephrine, and atrial natriuretic peptide. They  

found that neither plasma renin nor aldosterone  
levels were changed.  

In this study, renin levels were studied in rela-
tion to kidney function test and we demonstrated  
that there was a significant positive correlation  

between renin with Creatinine and urea levels  

(p<0.005, <0.001 respectively) only in patients.  
However there was no significant correlation be-
tween renin and with urine output (p>0.005) or  
with GFR (p>0.005).  

Annat G, et al. [11]  measured hormonal param-
eters in seven intensive care patients during three  

consecutive 60-min periods; one of intermittent  

positive pressure ventilation (IPPV), one of CPPV  
(PEEP 1 0cm H2O), and finally one of IPPV. During  
CPPV, a 15% decrease in cardiac output was ob-
served, without alteration in arterial pressure or  

right atrial transmural pressure. In addition, de-
creases were observed in urinary output by 34%,  

glomerular filtration rate by 19%, renal blood flow  

by 32%, sodium excretion by 33%, and potassium  
excretion by 26%. There was no change in the  

fractional excretion of sodium and free water.  

Also, S. Tanaka, et al. [92]  measured responses  
during Continuous positive pressure ventilation  
(PEEP = 12mmHg) in 10 male subjects (22.0 ±0.6  
years, 66.8± 1.5 kg body weight). The experiments  
consisted of a 1-hour control, 1h with Continuous  
positive pressure ventilation, and a 1-h recovery  

period. Two blood samples were taken during each  

period for measurements of arginine vasopressin  

(AVP), plasma aldosterone, plasma renin activity,  
norepinephrine, and atrial natriuretic peptide and  

urine was collected hourly for the measurement of  

urine volume and electrolytes and clearances. They  

observed significant reduction in urine output  
associated with a reduction of both free water and  

osmolal clearances (p<0.05).  

Moreover Marius G, et al. [89]  made a study on  
Ten male patients were treated postoperatively for  

60min using five different ventilation modes. At  

the end of these periods, hemodynamics, urine  
production, fractional excretion of sodium (FESo),  

as well as the hormones, atrial natriuretic peptide  
(ANP), renin, angiotensin II, aldosterone, and  
antidiuretic hormone (ADH), were measured in  

plasma. They found that urine production with a  
positive end-expiratory pressure (PEEP) of 15cm  
H2O and an inspiration/expiration ratio (I:E) of  
1:2 revealed significant reduction from baseline.  

We studied renin in relation to severity of illness  

as; length of mechanical ventilation, length of ICU  

stay, APACH IV score and mortality. This point of  

our study was not found in any other equivalent  
research.  

Renin 2 was significantly correlated to length  

of mechanical ventilation in the patients (53.72 ±  
59.08) (p=0.005).  

Renin levels were significant higher in patients  
need hemodynamic support. The mean renin 1  
(134.28±88.46) and renin 2 (142.42±84.61) levels  
in patients need hemodynamic support versus  
(36.72±28.28 and 43.69 ±39.04) in those did not  
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need hemodynamic support (p=0.018 and 0.017  
for renin 1 and renin 2 respectively. This correlation  
was more significant in group I (p=0.001).  

Moreover, There were significant positive cor-
relation between APACH IV (64.62 ± 18.30) and  
renin (42.86±54.63) in day 1 (p=0.029) and in day  
3 (63.54± 17.41 versus 53.72±59.08 respectively)  
(p=0.004) in patients only.  

Regarding the outcome, the non survivors ex-
hibited significant higher levels of renin 1 (90.15 ±  
82.96) and renin 2 (102.76±85.70) when compared  
those with survivors (29.24 ±25.65 versus 36.48±  
31.15 respectively) in patients ( p=0.017 and 0.016  
respectively).  

Receiver operator characteristic (ROC) curve  

was calculated from the use of renin 1, 2 levels in  
all patients as a predictor for mortality with an  

optimal cutoff value of 41, 51µg/l with a sensitivity  
of 70% and specificity of 87%, PPV=76% and  
NPV=87%.  

Conclusion:  
Renin levels were increased with use mechan-

ical ventilation and were significantly higher with  

higher level of PEEP. Renin levels correlated with  

urea and Creatinine levels and significantly corre-
lated with APACH IV score and length of mechan-
ical ventilation only in patients. Renin levels were  
significant higher in patients need hemodynamic  
support and in non survivors and we estimated an  
optimal cutoff values for renin 1 and renin 2 level  

of (41,51µg/L respectively) to predict ICU mortality  

with moderate sensitivity and specificity.  
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