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Original Article

Determination of intravascular volume status in 

critically ill patients using portable chest X-rays: 
Measurement of the vascular pedicle width

Nawal Salahuddin, M. Aslam, Ishtiaq Chishti1, Shehla Siddiqui2
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Background and Aims: Traditionally, invasive hemodynamic pressure measurements have been used to 

assess the volume status in critically ill patients. The vascular pedicle, as seen on chest radiographs, is the 

mediastinal silhouette of the great vessels. It is measured by drawing a perpendicular line from the point at 

which the left subclavian artery emerges from the aortic arch and measured across to the point at which the 

superior vena cava crosses the right main stem bronchus. We carried out this study to establish a correlation 

between the width of the vascular pedicle as seen on chest radiographs and daily fl uid balance or pulmonary 

capillary occlusion pressure in mechanically ventilated, critically ill patients. Materials and Methods: In this 

prospective clinical study, 50 consecutive adult patients in a tertiary care, multidisciplinary intensive care 

unit underwent simultaneous measurements of the width of the vascular pedicle as seen on standardized, 

portable chest radiographs in the supine position and pulmonary capillary occlusion pressure measurements. 

Twenty-four hour fl uid balance calculations were also recorded for each patient. Results: Vascular pedicle 

width measurements correlated closely with positive fl uid balance, r = + 0.88, P 0.000. A Receiver Operating 

Characteristic curve demonstrated that a vascular pedicle width of 86.5 mm had a 100% sensitivity and an 

80% specifi city (area under the curve 0.823, 95% confi dence intervals 0.714-0.932) for predicting fl uid overload 

equal to and greater than 1200 ml. The correlation between pulmonary capillary occlusion pressures and 

width of the vascular pedicle was poor, r = 0.41, P 0.02. Conclusions: Our fi ndings suggest that the vascular 

pedicle width on daily chest radiographs can be used to assess hypervolemia in the intensive care unit. Serial 

changes in the pedicle width could possibly be used to increase the accuracy of predictions. 
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Introduction
Fluid overload in the critically ill patient has become 

recognized as an important predictor of increased 

mortality.[1] Due to overcrowding of intensive care units 

(ICU) and increased intensity of illness in patients 

presenting to the emergency departments,[2] a large 

number of critically ill patients are managed in acute 

care areas outside the ICU. Recent publications have 

shown the benefi t of optimizing hemodynamics in the 

ER on mortality.[3]

Non-invasive measures are attractive; not only because 

of the obvious risk and costs reduction, but also because 

they can be utilized in areas outside the ICU. One such 
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measure may be assessment of volume using the chest 

radiograph. The vascular pedicle, as seen on chest 

radiograph, is the mediastinal silhouette of the great 

vessels, i.e.; superior vena cava, azygous vein, thoracic 

aorta and the left subclavian artery. Measurement of 

this pedicle width was first described by Milne and 

colleagues in 1984.[4] As described, a perpendicular line 

is dropped from the point at which the left subclavian 

artery exits the aortic arch and measured across to the 

point at which the superior vena cava crosses the right 

main stem bronchus. This measurement is called the 

Vascular Pedicle Width (VPW). Milne et al, reported a 

‘normal’ value of 48 ± 5 mm in healthy, upright volunteers 

undergoing PA chest X-rays.[4] Subsequent investigators 

have reported a signifi cant correlation between vascular 

pedicle widths > 68 mm and the presence of hydrostatic 

pulmonary edema.[5-7] 

The objectives of this study were to determine a 

correlation between the VPW and standard measures 

of fl uid overload in the ICU such as 24h fl uid balance 

and pulmonary capillary occlusion pressure (PCOP) as 

measured by the pulmonary artery catheter. 

Materials and Methods
Study design and setting

This was a prospective observational study performed 

in the multidisciplinary ICU of a tertiary care, university 

hospital. The participating radiologist and critical care 

physician recording the primary variables (VPW and PCOP 

/ daily fl uid balance respectively) were kept blinded to each 

other’s measurements. The hospital Ethics Committee 

approved the study. No attempt was made to change 

routine ICU practices during the course of this study.

Patient selection

Consecutive adult, critically ill patients on mechanical 

ventilation admitted to the intensive care unit and with an 

indwelling pulmonary artery catheter were enrolled. The 

period of study was from December 2005 to December 

2006. Patients on a PEEP greater than 10 mmHg were 

excluded.

Measurements and radiographic technique

Each enrolled patient underwent a chest radiograph, 

hemodynamic measurements and calculation of fl uid 

balance over the past 24h, on day three of admission 

to the ICU. Central venous pressure and PCOP 

measurements were made independently by a single, 

board certifi ed critical care physician according to the 

method described by Ely.[8] Data on daily fl uid balance 

was collected from ICU nursing fl ow sheets. Conventional 

14 x 17 inch portable, supine, antero-posterior chest 

radiographs were obtained on each patient within an hour 

of the hemodynamic measurements. The radiographic 

technique involved a 40-inch focal fi lm distance, 60-70 

kilovoltage peaks and a typical 3-6 mA exposure adjusted 

to patient body habitus. Each radiograph was processed 

in a standard rapid processor with a processor time of 

45 seconds. We attempted to adjust for confounding due 

to variation in chest radiograph technique by limiting the 

inclusion to very strictly standardized fi lms as regards 

to patient positioning, angle, ventilatory parameters, 

exposure, film distance and the quality of film. A 

radiologist recorded the vascular pedicle width according 

to the method described by Ely et al,[8] using the linear 

distance between two points; one at the origin of the left 

subclavian artery from the aortic arch and the second, 

the point of crossing of the superior vena cava over the 

right mainstem bronchus.

Statistical analysis

Continuous measurements are expressed as Mean 

±SD. Qualitative variables are expressed as percentages. 

Pearson’s correlation coeffi cient (r) was used to assess 

the linear relationship of the VPW with daily Fluid balance, 

PCOP and CVP. A ROC curve was used to estimate the 

discriminative value of a VPW measurement to correctly 

predict a positive fl uid balance of ≥ 1200 ml. A p value 

< 0.05 was considered as statistically signifi cant. All 

P values were two-sided. The Statistical package for 

social science (SPSS) version 11.5 was used for data 

analysis.

Results
70  patients were enrolled  from  December  2005  to  

2006. Only 50 patients were included in the fi nal analysis 

due to technically unacceptable chest radiographs.

Clinical characteristics

 Mean age of enrolled patients was 54.2 ±13 years, 

61% were males. At admission to the intensive care unit 

20 (40%) were in shock and 25 (74%) had ARDS. Sepsis 

was the admitting diagnosis in 82.4% (28) and 11% (4) 

had head injuries. Acute renal failure developed in 46% 

(23) patients. The ICU Mortality rate was 36.7% (18). 
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Measurements

Average fl uid balance was + 1719 ml (± 1936.5). Forty 

patients (81.6%) were in positive fl uid balance. Mean 

CVP, PCOP and VPW were 12 mmHg (± 4), 15.6 mmHg 

(± 5) and 77.6 mm (± 12.6) mmHg. 

Correlation analysis and ROC curve

 Pearson correlation was performed between a) VPW 

and 24h Fluid balance, b) VPW and PCOP and c) 

VPW and CVP. The highest degree of correlation was

found for VPW and 24h Fluid balance (Pearson 

Correlation coeffi cient r = + 0.887, signifi cance level P 

0.000, [Figure 1]).

Poor correlation was observed between VPW and 

PCOP (r = + 0.426, P 0.002, [Figure 2]) and CVP and 

VPW (r = + 0.32, P 0.025).

The ROC curve for the VPW measurements and fl uid 

overload showed a quick rise and allowed for an optimal 

distinction between  or < 1200 ml fl uid overload at a VPW 

measurement of 86.5 mm, Sensitivity 100%, Specifi city 

80%, area under the curve 0.823, 95% CI 0.714 - 0.932 

[Figure 3].

Discussion
The main results of this study are that the VPW obtained 

from standard, portable chest radiographs in the supine 

position has an almost linear relation with fl uid overload 

as measured by fl uid balance. Also that the Pulmonary 

Capillary Occlusion Pressure (PCOP) may not be a 

reliable predictor of fl uid overload a fi nding that has been 

corroborated by the results of other investigators.[9-12]

The Azygous vein, Superior vena cava, Subclavian 

artery and Thoracic aorta together form the ‘Vascular 

Pedicle’. In a study on 83 normal, healthy individuals 

with chest X-rays obtained in the upright position, a 

mean ‘normal’ vascular pedicle width of 48 ± 5 mm 

was reported.[4] Vascular Pedicle Widths appear to be 

unaffected by the respiratory cycle or by spontaneous 

or mechanical breaths.[4,8]

Milne et al.[4] and Pistolesi et al,[13] described widening 

of the mediastinal vascular pedicle in relation to changes 

in blood volume. These investigators suggested that 

widening of the pedicle occurs due to engorgement 

of the distensible venous structures, namely; superior 

vena cava and azygous vein. In a study on eight normal, 

male volunteers, Luft and colleagues reported on an 

enlargement of the central, mediastinal veins after sodium 

loading.[14] Haponik et al,[5] found that in patients with 

Figure 2: Relationship between vascular pedicle width and 

pulmonary artery occlusion pressure

Figure 1: Relationship between vascular pedicle width on chest 

radiograph and net fl uid balance in past 24 hours

Figure 3: Receiver operating characteristics curve indicating the 

sensitivity and 1 - specifi city of vascular pedicle width measurements 

in predicting a fl uid overload of >1200 ml
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burns, an increase in the vascular pedicle was seen after 

intravascular volume resuscitation. 

For the past 20 years right heart catheterization with 

the pulmonary artery catheter, has been accepted as the 

traditional modality for hemodynamic assessment and 

management of the critically ill. The pulmonary capillary 

occlusion or wedge pressure is measured and interpreted 

as left ventricular fi lling pressure. In recent years, reports 

have challenged the benefi ts of the catheter.[15,16] In 

1990, Iberti and colleagues presented large gaps in 

the understanding of physicians and nurses of how to 

correctly measure and utilize the information obtained by 

a pulmonary artery catheter.[17] An important study was by 

the FACTT study investigators in 1996. They reported the 

results of a randomized trial comparing haemodynamic 

management guided by a pulmonary artery catheter 

versus a central venous catheter in 1000 patients with 

established acute lung injury.[16] No difference in 60-day 

mortality was found between the PAC group and the 

CVC group.

Yet, recognizing and acting on fl uid overload is extremely 

important. Increasingly, literature is available that 

discriminates between fl uid-overloaded and ‘dry’ states, 

as predictors of survival in patients with acute lung injury 

/ARDS.[18] The FACTT trial[16] that randomized patients to 

either ‘fl uid-restriction’ or conventional therapy reported 

that the conservative strategy of fluid management 

improved lung function and shortened the duration 

of mechanical ventilation and intensive care without 

increasing nonpulmonary-organ failures. Shoemaker 

and Kern in a meta-analysis reviewed 21 randomized, 

controlled trials and concluded a signifi cant improvement 

in mortality when hemodynamics were optimized early 

on in the presentation of critical illness.[19]

So clearly the development of other less invasive 

technologies is warranted. In recent years preload 

assessment by intrathoracic blood volume by 

transpulmonary artery thermodilution, pulsed wave 

Doppler echocardiography, inferior vena cave collapsibility 

on inspiration, superior vena cava variation and 

respiratory variation in the aortic or pulmonary outfl ow 

Doppler signals.[20-26]

An alternate and cheaper direction is radiographic 

assessment. Chest radiographs are obtained almost 

every day in the ICU to confi rm position of lines and tubes, 

assess for pulmonary edema, barotrauma, atelectasis 

or infection. Over 60% of chest X-rays will result in an 

institution of diuretic therapy[27] which suggests that 

clinicians already incorporate data from X-rays into a 

decision-making process. 

Other investigators have also explored the VPW 

as a noninvasive predictor of hypervolemia. In 1998, 

Thomason and colleagues[6] published the results of 

a prospective study where they studied the utility of 

supine chest X-rays in distinguishing between hydrostatic 

pulmonary edema and permeability pulmonary edema. 

In 33, ventilated patients with various critical illnesses, 

they reported a signifi cant correlation between the VPW 

and the pulmonary capillary occlusion pressure (r = 0.45, 

P value 0.0076) with an ROC curve indicating a greater 

discrimination for VPWs between 63-70 mm (AUC 0.706). 

We observed similar results in our study. The correlation 

coeffi cient (r) between VPE and PCOP in our sample was 

0.42, P value 0.002 and we also observed a similar ROC 

curve with an optimal discriminative power of the VPW 

for hypervolemia at a measurement of 74.5 mm (AUC 

0.724). Ely et al.,[8] in 2001 reported on a study of 100 

mixed, critically ill, ventilated and non-ventilated patients, 

they reported that by combining the VPW (at a cutoff 

value of >70 mm) and a cardiothoracic ratio of >0.55, 

the likelihood ratio of the CXR in determining volume 

status increased to 3.1 (95% CI, 1.9-6). Martin[7] studied 

133 portable, supine chest radiographs in 36 ventilated 

patients with acute lung injury/ ARDS. They noted that 

a clinically detectable reduction (P = 0.02) in the VPW 

associated with a 3.3L diuresis and mean weight loss of 

10 kg over a fi ve day period.

We were able to show similar results in our cohort of 

a mixed population of surgical and medical, critically ill, 

ventilated patients. Our results show that a cutoff value of 

86.5 mm of the VPW has a high discriminative ability to 

predict high fi lling pressures as measured by a pulmonary 

artery catheter.

The VPW can be useful in predicting response to therapy. 

Haponik[5] described an increase in the vascular pedicle 

after volume resuscitation in patients with burns. Among a 

sample of 42 patients, those that had an increased VPW 

in the fi rst 24h of resuscitation were more likely to develop 

pulmonary edema in the fi rst 3.3 days after the injury. In 
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1990, a study on 36 pairs of CXRs taken on 22 stable, 

patients before and after hemodialysis demonstrated 

that the VPW decreased signifi cantly with dialysis. They 

concluded that the VPW and transverse diameter of the 

heart may be useful in estimating dry weights in patients 

in whom clinical assessment is diffi cult.[28]

There are however various limitations in VPW for 

volume ascertainment that need to be kept in mind 

while making an assessment. Cardiac surgery, prior 

mediastinal irradiation and obesity can erroneously 

give a widened VPW, making it impossible to use the 

pedicle width for volume interpretation in these patients. 

The vascular pedicle width is susceptible to changes 

in posture, compression by mediastinal structures or 

positive pressure ventilation. Therefore, absolute numbers 

may be less reliable compared to daily changes in width 

that may correlate better with increase or decrease in 

intravascular volume. A limitation of our study is that 

we did not use serial chest radiographs and compared 

serial changes in the VPW with daily changes in weight 

or fl uid balance. 

Conclusions
This prospective study of 50 mechanically ventilated 

patients demonstrates the high correlation between 

the VPW as measured on a standard portable chest 

radiograph and a usual predictor of hypervolemia such 

as fl uid balance over the past 24h. A poor correlation was 

observed between the VPW and the PCOP, providing 

further support that pressure measured in the pulmonary 

capillary does not reliably predict volume responsiveness. 

We consider that our results are useful to most physicians 

attempting to decide on volume status in ventilated 

patients, since they illustrate the powerful predictive ability 

of a bedside chest radiograph. 
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