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Abstract 

Introduction: Acute kidney injury is a leading cause of morbidity and mortality in critically 

ill patients. We hypothesized that inadequate fluid resuscitation and high vasopressor use 

before admission to the ICU can predict the occurrence of AKI in critically ill patients. 
Objectives: The aim of this study was to determine the ability of IVC collapsibility index 

(measure of intravascular volume inadequacy) and the vasopressor therapy at ICU admission 

to predict the development of AKI. 
Material and Methods: We prospectively recruited 103 patients in our 12 bed ICU from 

October 2017 to June 2018, after written informed consent from the next-of-kin, excluding 

Patients with CKD or transplanted kidneys and in whom IVC couldn’t be measured. 

Demographic data, baseline vital signs, investigations, ongoing inotrope dosage and duration 

were noted. Maximum and minimum IVC diameters were measured by 3.5 MHz ultrasound 

probe in M-mode in the transthoracic subxiphoid view and IVC collapsibility index was 

calculated. Daily urine output and serum creatinine values were collected up to 7 days. The 

AKI was diagnosed by KDIGO criteria. Multivariate logistic regression analysis was done with 

AKI as independent variable and age, gender, APACHE II score on admission, vasopressor use 

and number of vasopressor at admission and the collapsibility index as possible predictors. 

Results: 78% of the patients developed AKI by the 7th day of ICU stay. Only APACHE II 

score at admission was significantly associated with AKI. 

Discussion: The IVC collapsibility index and vasopressor use were not predictive of AKI. 

Vasopressor use in our sample was only 22%. It is possible that collapsibility index at 

admission to ICU is not a good indicator of pre-ICU volume status. Future studies should 

concentrate on volume status estimation and resuscitation in the wards before ICU transfer. 
Keywords: acute kidney injury, volume status, inferior vena cava collapsibility 
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Introduction 

Acute kidney injury (AKI) is a leading cause of morbidity and mortality in critically ill patients 

(1-5). Among the intensive care unit (ICU) patients up to 60% develop AKI and up to 12% 

need renal replacement therapy (RRT)(6). Most common causes of AKI in ICU include sepsis, 

renal hypoperfusion and nephrotoxic drugs, although it’s frequently multifactorial in origin (7-

9).Cardiovascular surgery, emergency surgery, sepsis, APACHE score, usage of diuretics and 

nephrotoxic drugs are associated with postoperative AKI, which leads to increased ICU 

mortality (10).The common clinical circumstances associated with AKI, such as, hypovolemia, 

major surgeries, sepsis, cardiac failure are all coupled with shock(11). Septic AKI is considered 

to be a disease of renal microcirculation resulting from renal ischemia, cellular injury and acute 

tubular necrosis(ATN)(12). Persistent preglomerular vasoconstriction is supposed to be the 

primary cause of decrease in GFR in patients with  AKI resulting from renal 

hypoperfusion(13).Reguera et al showed that the decline in renal perfusion and renal blood 

flow were the most important mechanisms associated with development of AKI in an animal 

study(14). Lu et al have shown that hypotension and nephrotoxic drug usage are the two most 

important and independent risk factors for severity of AKI and mortality, among the patients 

in China (15).Improper use of vasoconstrictors like norepinephrine has been shown to be 

associated with renal vasoconstriction leading to ARF in animal models(16). Use of 

norepinephrine and other vasoconstrictors in hypovolemic patients has been associated with a 

decline in renal tissue oxygenation and  several harmful effects on renal hemodynamic 

(17).Severe AKI is detrimental(18) and even a small rise in SCr is a potential predictor of 

morbidity and mortality(19). AKI is often secondary, with causes including hypovolemia, 

sepsis, nephrotoxic drugs and hypoperfusion, each resulting in acute tubular necrosis (ATN). 

ATN has to be distinguished from reversible hypovolemic conditions, because patients having 

ATN may readily develop volume overload with aggressive fluid therapy, often requiring 

dialysis(20).The incidence of AKI varies depending upon the definition and the criteria used. 

Luo et al studied the incidence of AKI using the AKIN, RIFLE and KDIGO criteria and found 

that KDIGO criteria produced the maximum diagnoses of AKI. (AKIN: 38.4%, RIFLE: 46.9%, 

and KDIGO: 51%) and more in-hospital mortality(21).AKI is diagnosed by rise in serum 

creatinine by > 1.5 times from baseline value or ≥ 0.3 mg/dl from baseline value or  urine 

output < 0.5 ml/kg/h for 6–12 hours according to the “KDIGO guidelines”(22).Hypovolemia 

leads to AKI by renal hypoperfusion(13). Rasmussen et al showed that hypotension and 

dehydration are the major contributing factors for AKI(23). Rosner et al found renal 

hypoperfusion as a cause of postoperative AKI(24). Hypovolemia and low cardiac output are 

the foremost etiologic factors for development of AKI in burn patients and its incidence can be 

reduced by adequate fluid replacement in the early post-burn period(25). Early volume 

resuscitation, essential anti-infective measures and timely referral of diagnosed AKI patients 

for dialysis improve AKI outcome(26).Various parameters have been used to measure the 

intravascular volume status, including but not limited to CVP(27), IVCCi(28), general end-

diastolic volume index(29) and stroke volume index(30). Studies in recent years have 

questioned the correlation between these parameters with cardiac performance.Central venous 

pressure (CVP) measurement as a surrogate of right atrial pressure (30) is affected by factors 

like intrathoracic pressure, intra-abdominal pressure and valvular dysfunction(31). A trend in 

CVP values, rather than a single measurement is clinically more reliable(32). It is now known 

that CVP is not a valuable predictor of right ventricular preload(33). Hence, the practice of 

using CVP as a sole predictor of preload is being discouraged.Stawicki et al showed the 

usefulness of IVCCi as a non-invasive way of estimating intravascular volume status and its 

correlation with CVP among the patients in surgical ICU (34).Zhao et al found that IVCCI is 

a quality indicator of decreased intravascular volume status. IVCCI is a useful and non-invasive 

parameter to determine the elevated GEDVI during volume resuscitation among critically ill 
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patients with septic shock (28). IVC collapsibility index is calculated as: IVCCi=100(IVCDe 

– IVCDi)/ IVCDe, Where, IVCDe = the largest IVC diameter was measured at end-expiration, 

and 

IVCDi = the smallest IVC diameter at end-inspiration, taken 2 cm caudal to the IVC and hepatic 

vein junction, using a 3.5 MHz ultrasound probe in the subxiphoid location in supine position 

using M mode(28). 

 

Namendys-Silva et al used the following formulae(35) for patients breathing spontaneously or 

on mechanical ventilation: 

 

For patients with spontaneous ventilation, 

“IVCCI= 100(Maximum diameter- Minimum diameter)/Maximum diameter” 

 

For mechanically ventilated patients, 

“IVCDI= 100(Maximum diameter- Minimum diameter)/ Minimum diameter” 

A patient was considered to be volume responsive when the IVC distensibility index was >18% 

or the IVC collapsibility index was > 40% (35). 

 

Currently it’s recommended to determine dynamic parameters like IVC measurements by 

Ultrasonography to predict volume responsiveness in mechanically ventilated patients (36) and 

spontaneously breathing patients(37).IVCCI has the advantages of being non-invasive, ever 

decreasing instrument cost, good portability and accessibility, easy reproducibility and 

increasing evidence of correlation with invasive monitoring parameters (34, 38). A 4 hour 

training session (equivalent to 20 cases) considerably enhances the knowledge regarding 

clinical diagnosis of volume overload among residents (39).Adequate fluid resuscitation is a 

prerequisite in order to maintain the hemodynamic stability. Patients lacking adequate 

intravascular volume cannot maintain their hemodynamic parameters in the normal range, 

which may lead to injudicious use of vasopressors. Consequently the patient may develop the 

adverse outcomes resulting from hypovolemia and unwanted use of inotropes, which may 

severely affect the clinical outcome.In addition to vasopressors and inotropes, other commonly 

used drugs in critical care units which are nephrotoxic include aminoglycosides, NSAIDs, 

ciprofloxacin, acyclovir, cisplatin, amphotericin B and others(40). 

 

Redfors et al have shown that the post-cardiac surgery use of norepinephrine (NE) to increase 

mean arterial pressure is associated with enhanced renal oxygen delivery, GFR and renal 

oxygenation till the MAP is 75 mmHg, but a further rise to 90 mmHg is not useful(41). It has 

been shown that improper usage of vasoconstrictors like norepinephrine in hypovolemic 

patients has detrimental effects on renal hemodynamics, which might lead to acute renal 

failure(17).PAOP as an indirect assessment of left atrial pressure which is a surrogate estimate 

of left ventricular end-diastolic pressure, is measured by pulmonary artery catheterization 

which is an invasive procedure that requires more expertise, is less feasible and associated with 

significant complications.We hypothesize that the risk of AKI increases in critically ill patients 

when they are inadequately resuscitated and vasopressors are used during resuscitation. We 

aimed to determine the predictive ability of pre-ICU admission vasoconstrictor therapy and 

intravascular volume status on ICU admission for the development of AKI. Our secondary 

objective was to determine the relationship between volume responsiveness and inotrope / 

vasoconstrictor usage. 

 

Methods 
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This is a single centre prospective observational cohort study conducted in the Main Intensive 

Care Unit at Post Graduate Institute of Medical Education and Research, Chandigarh, India. 

The study was commenced after obtaining clearance from the ethics committee of the institute. 

We had obtained written informed consent from the patients’ legal guardians to enroll them 

into the study.All Adult patients admitted to Main ICU from October 2027- June 2018 were 

included in the study. Patients with chronic kidney disease (CKD), post-renal transplant 

patients, Patients in whom IVC couldn’t be measured and death or discharge within 48 hours 

of admission(42) were excluded from the study. 

 

Sample size calculation 

The outcome variable tested in our study was occurrence of AKI. We were using two predictor 

variables: vasoconstrictor use before ICU admission and intravascular volume status on ICU 

admission According to Peduzzi et al we need to have at least 10 occurrences of AKI per 

predictive variable for a logistic regression analysis (43).  

N= 10K/P 

Where N = sample size, K = number of predictive variables (2), P = baseline incidence (0.2 

assuming low baseline incidence 20%) 

Literature suggests that the baseline incidence of AKI in ICU patients varies from 12-60%. 

Hence to detect 20 AKIs assuming a low baseline incidence of 20% we needed a sample size 

of 100 patients. 

 

Data Acquisition 

Once a patient was admitted to the Main ICU, we collected demographic data, Baseline 

investigations, APACHE 2 score, duration and dose of vasopressors administered before ICU 

admission, all the vital parameters including CVP (if a central line is placed already), in a 

designed performa, before any active intervention. Investigations available on the day of 

admission or sent on admission were considered as baseline. Measurements for inferior vena 

cava collapsibility index were taken in both spontaneously and mechanically ventilated patients 

in supine position by an intensivist, using a standard bedside ultrasound machine with a 3.5 

MHz frequency probe(35). Maximal and minimal diameters of IVC were measured “2 cm 

distal to the junction of inferior vena cava and hepatic vein” using M-mode recording in 

subxiphoid window by transthoracic approach. IVCCI or IVCDI were calculated using the 

formulae described by Namendys-Silva et al(35).KDIGO criteria were used serially for seven 

days to detect the development of AKI(22). Patients were followed up till discharge or death 

for any secondary development of renal dysfunction. Death or discharge from ICU was 

considered to be the end point of the study. 

 

Statistical analysis 

The data were entered into a spreadsheet. Multivariate logistic regression analysis was done 

with AKI as the independent variable and age, gender, APACHE II score on admission, 

vasopressor use and number of vasopressors at admission and the collapsibility or distensibility 

index as independent predictors. An adjusted p-value of <0.05 was considered significant 

statistically(44). The statistical analysis was done using the software Jamovi (version 0.9.5.14; 

www.jamovi.org). 

 

Results 

We screened 103 patients for the study, among which 93 patients met the inclusion criteria. 

Among the patients excluded, IVC diameter could not be measured in 2 patients and 10 patients 

had less than 48 hours of ICU stay. 78.5% (73 out of 93) patients developed AKI by using 
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KDIGO serum creatinine and urine output criteria. Flow chart of the study is presented as below 

in fig.1. 

 
Fig 1: Flow chart of the study. AKI: Acute kidney injury 

 

Patients are subsequently divided into AKI and non-AKI group on analysis by the KDIGO 

criteria. The continuous variables; age, height, weight, APACHE II score, systolic and diastolic 

blood pressure at ICU admission and IVC collapsibility or distensibility index are described in  

 

Table 1: Baseline characteristics of the continuous variables. 

Variables AKI  

(N = 73 ) 

Non-AKI 

( N = 20) 

Age (years) 

Height (in meters) 

Weight (in kg) 

APACHE II score 

Sbp (mmHg) 

Dbp (mmHg) 

Cindex 

42.7 (17.2) [18-80] 

165 (5.34) [175-152] 

60.9 (11.3) [95-45] 

14.8 (4.10) [30-8] 

120 (27.2) [203-56] 

71.6 (18.3) [111-32] 

0.33 (0.36) [1.71 - 0.54]  

43.4 (15.3) [18-70] 

164 (5.070 [173-155] 

63 (10.2) [80-45] 

17.9 (4.39) [26-11] 

126 (16.5) [158-93] 

79.2 (14.6) [111-51] 

0.28 (0.57) [2.32– 0.42] 

 

All variables are in mean (SD) [Range] format. Sbp: systolic blood pressure; Dbp: diastolic 

blood pressure; Cindex: collapsibility or distensibility index. 

 

All the continuous variables ware found to be similar between two groups. Box plots for age, 

weight, systolic blood pressure, diastolic blood pressure, APACHE II score and collapsibility 

index are depicted in figure 2. 
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Figure 2: box plots of age, wt, Sbp, Dbp, APACHE II score and Cindex. 

 

Sbp: systolic blood pressure; Dbp: diastolic blood pressure; wt: weight, apache.score: 

APACHE II score; Cindex: collapsibility or distensibility index; aki.kdigo: AKI according to 

KDIGO criteria. 
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The categorical variables in our study are presented in table 2, which includes gender, 

ventilation status at ICU admission, receiving vasopressor / inotrope status and outcome of the 

patient till 7th day in ICU. Among the 93 patients studied 82% (77 out of 93) of patients were 

on IPPV at ICU admission. 22% (20 out of 93) of the patients were on inotrope / vasopressor. 

Noradrenalin was found to be the most frequently used vasopressor with a frequency of 19. 

Adrenalin, dopamine, dobutamine, and PE were used in three, two, two and one patients 

respectively. 

13 (14%) patients died, all of them had developed AKI. 

 

Table 2: Frequencies of categorical variables. 

Variables AKI 

( N = 73) 

Non-AKI 

(N  = 20) 

Gender 

 

Male 44 (60) 

29 (40) 

62 (85) 

11 (15) 

17 (23) 

56 (77) 

13 (18) 

44 (60) 

2 (3) 

14 (19) 

12 (60) 

8 (40) 

15 (75) 

5 (25) 

3 (15) 

17 (85) 

0 (0) 

0 (0) 

0 (0) 

20 (100) 

Female 

Ventilation IPPV 

spontaneous 

Vasopressor Yes 

No 

Outcome 

 

Death 

Discharge 

LAMA 

Present 

Data displayed as n (%). Outcome: patient status till 7th day in ICU. LAMA: leave against 

medical advice. Present: patients in ICU at the end of 7th day. 

Multivariate logistic regression analysis was done with AKI as the dependent variable and is 

presented in table 3. Following predictors were included in the model including age, gender, 

height and weight. Patients on mechanical ventilation have higher risk for development of 

various infections, pulmonary complications and deranged cardiac performance (45). 

APACHE II score on admission is a generalized predictor of mortality(46). Vasopressor or 

inotropes usage on ICU admission and collapsibility or distensibility index are part of our 

hypothesis. 
 

Table 3: Multivariate logistic regression analysis 

Predictor Estimate 

 

p value  Odds ratio 

[ 95 % CI] 

Age -0.00410 0.839 0.996 

[-0.043 - 0.035] 

Gender(M - F) 0.42243 0.544 1.526 

[ -0.940 - 1.785] 

Vasopressor(yes - no) 0.73067 0.385 2.076 

[ -0.919 - 2.380] 

Cindex -0.43335 0.622 0.648 

[ -2.155 - 1.289 ] 

Weight(in kg) -0.02892 0.346 0.917 

[ -0.089 - 0.031] 

Ventilation (IPPV- 

spontaneous) 

-0.58646 0.560 0.556 

[ -2.557 - 1.385] 

APACHE II score  -0.13219 0.051 0.786 

[ -0.26 - 5.65] 

Cindex: IVC collapsibility or distensibility index. CI: Confidence Interval 
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The model was found to be statistically insignificant with a p value of 0.241. Only 10.6% (R2 

= 0.106) of the variability of AKI could be predicted by this model. However this was the best 

model we got. Only APACHE II score was found to be having some predictive ability (p-value 

0.05, 95% CI, Odds ratio 0.786). When we analyzed the same model excluding APACHE II 

score it was found to predict 2.4% (R2 = 0.024) of variability and none of the factors were 

found to be predictive of AKI. Variability in occurrence of AKI predicted by large number of 

factors has not been explained by this model. The model fit measures are given in Table 4. 

 

Table 4: Model fit measures (binomial logistic regression) 

Model Deviance AIC R2 

With APACHE II 77.2 93.2 0.106 

Without APACHE II 94.0 108 0.024 

AIC: Akaike information criterion. 

ROC curve analysis was done on the best performing model (figure 3). Sensitivity, specificity 

and area under the curve were found to be 0.938, 0.222 and 0.729 respectively. 

 

 
Figure 3: Graph showing ROC curve for the best performing model. 

 

The cut-off plot shows 50% cut-off at sensitivity of 0.9 and specificity of 0.25 (image 4). 

 
Figure 4: graph showing cut-off plot. 

 

Discussion 
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The present study was conducted in the main ICU of our institution. Incidence of AKI was 

found to be 78.5 % according to KDIGO criteria which includes serial measurement of serum 

creatinine and urine output.Our primary aim was to test the predictive ability of inadequacy of 

volume resuscitation as evidenced by low volume status and unnecessary usage of vasopressor 

/ inotropes as evidenced by the patient on vasopressor at admission, for the occurrence of AKI. 

By multivariate logistic regression analysis we found that none of these parameters tend to be 

predictive of AKI.Incidence of AKI in critically ill patients has shown to be up to 60% (6). In 

our study it’s comparatively higher (78.5%). Previous use of diuretic, low patient education 

(47) and use of traditional herbal medications(48) have been associated with AKI in developing 

countries. AKI if often poorly recognized leading to a lower incidence in developing 

countries(48). Delay in reporting to hospital and transportation delay from ward to ICU might 

be the reason behind the higher incidence in our study. 

 

In our study 22 % of patients were on vasopressor / inotrope and only 5.3% were on more than 

one agent at ICU admission, which is significantly small in number to limit the study. A larger 

sample size is required to find out their detrimental effects. 

 

AKI has a very high mortality rate in critically ill patients, which varies from 37% - 76% 

depending upon the stages in RIFLE criteria(49). In our ICU despite of higher the incidence, 

60% the patients who developed AKI during ICU stay, were managed and discharged within 7 

days. This emphasizes the importance of other management strategies in our ICU. 

 

Babar et al showed statistically significant association between >50% IVC collapsibility with 

FENa < 0.4% which is a representative of intravascular volume status(50). Ultrasonography is 

an essential tool in estimation of intravascular volume status in ICU. 

 

It is possible that collapsibility or distensibility index at ICU admission is not a good indicator 

of pre-ICU volume status. Fluid loading just before transferring the patient to ICU can give 

rise to false estimation of pre-ICU volume status. Future studies should focus on volume 

resuscitation and intravascular volume status estimation in wards before transferring patient to 

ICU.Similarly, vasopressor status at ICU admission might not be accurate. Initiation of 

vasopressor or increase in the dosage just before ICU shifting in order to avoid hemodynamic 

instability during the transport, may lead to wrong estimation. 

 

Demographic variation and underlying clinical condition may influence serum creatinine 

value(51). However KDIGO study has been found to be associated with the most accurate 

result.Future studies should use biomarkers of renal injury (52) for early and accurate diagnose 

of AKI and its management. Small sample size is the major limitation of our study. Future 

studies should have a larger sample size in order to get a better predictability and to study the 

detrimental effects of injudicious usage of vasopressor / inotropes. Future studies should 

consider the factors like usage of herbal medications, diuretic and NSAID usage, infectious 

causes and serum procalcitonin as a marker of infection at the time of decision of ICU shifting. 

 

Conclusion 

In our study we found that IVC collapsibility or distensibility and inotropes status on ICU 

admission are not predictive of the occurrence of AKI. Vasopressor and intravascular volume 

status of the patients at the time of decision for ICU shifting may be predictive of AKI. Future 

studies should concentrate on estimation of volume status and resuscitation in the wards before 

the patients are transferred to the ICU. Serum procalcitonin, biomarkers of kidney injury and 
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usage of nephrotoxic drugs including NSAIDS, diuretics and other herbal medications should 

be considered in future studies to discover the other predictors of AKI. 
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