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Background: Active mobilization is a key component in fast-track surgical strategies. Following major 
surgery, clinicians are often reluctant to mobilize patients arguing that circulatory homeostasis would 
be impaired as a result of myocardial stunning, fluid shift, and autonomic dysfunction. Aims: We 
examined the feasibility and safety of a mobilization protocol 12–24 h after elective cardiac surgery. 
Setting and Design: This observational study was performed in a tertiary nonacademic cardiovascular 
Intensive Care Unit. Materials and Methods: Over a 6-month period, we prospectively evaluated the 
hemodynamic response to a two-staged mobilization procedure in 53 consecutive patients. Before, during, 
and after the mobilization, hemodynamics parameters were recorded, including the central venous oxygen 
saturation (ScvO2), lactate concentrations, mean arterial pressure (MAP), heart rate (HR), right atrial 
pressure (RAP), and arterial oxygen saturation (SpO2). Any adverse events were documented. Results: All 
patients successfully completed the mobilization procedure. Compared with the supine position, mobilization 
induced	significant	increases	in	arterial	lactate	(34.6%	[31.6%,	47.6%], P =  0.0022) along with reduction 
in	RAP	(−33%	[−21%,	−45%], P < 0.0001) and ScvO2	(−7.4%	[−5.9%,	−9.9%], P = 0.0002), whereas HR 
and SpO2 were unchanged. Eighteen patients (34%) presented a decrease in MAP > 10% and nine of 
them (17%) required treatment. Hypotensive patients experienced a greater decrease in ScvO2	(−18	±	5%	
vs.	−9	±	4%, P = 0.004) with similar changes in RAP and HR. All hemodynamic parameters, but arterial 
lactate, recovered baseline values after resuming the horizontal position. Conclusions: Early mobilization 
after cardiac surgery appears to be a safe procedure as far as it is performed under close hemodynamic 
and clinical monitoring in an intensive care setting.

Key words: Anesthesia; Cardiac surgery; Hemodynamics; Hypotension; Perioperative care

Hemodynamic challenge to early 
mobilization after cardiac surgery: A 
pilot study
Tiziano Cassina, Alessandro Putzu, Luisa Santambrogio, Michele Villa, Marc Joseph Licker1

Department of Cardiac Anesthesia and Intensive Care, Cardiocentro Ticino Foundation, 6900 Lugano, 1Department 
of Anesthesiology, Pharmacology and Intensive Care, Faculty of Medicine, University Hospital of Geneva, 
1206 Geneva, Switzerland

Received: 04-01-16
Accepted: 31-05-16

controlled trials have demonstrated that 
fast‑track strategies significantly reduce the 
length of hospital stay and spare medical 

INTRODUCTION

Over the past  two decades,  clinical 
pathways have been widely developed 
in medicine and the concept of fast‑track 
surgery has emerged aiming to apply 
evidence‑based clinical care in order to 
accelerate the postoperative recovery 
period. Modern perioperative care is driven 
by standardized protocols emphasizing 
the importance of minimally invasive 
surgery, the utilization of short‑acting 
anesthetic agents, goal‑directed fluid 
titration, multimodal analgesic regimen, as 
well as early withdrawal (or avoidance) of 
intravascular, gastric or bladder catheters 
and drainage tube. Several randomized 
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costs while providing similar clinical outcomes after 
various types of surgical procedures.[1‑3]

In cardiac surgery, application of fast‑track perioperative 
regimen has been shown to allow earlier extubation, to 
alleviate nursing workload, and to shorten the stay in 
the Intensive Care Unit (ICU). However, scant attention 
has been drawn to the mobilization process that should 
be considered a key step in postoperative rehabilitation 
programs.[4‑6] Noteworthy, concerns have been raised 
regarding inadequate hemodynamic response to changes 
in body position in patients recovering from prolonged 
anesthesia and with myocardial stunning associated with 
ischemia‑reperfusion injuries. Previous studies[7‑9] have 
reported that cardiac surgical patients being mobilized 
12–18 h postoperatively have a marked reduction 
in the central venous oxygen saturation (ScvO2), 
suggesting an imbalance between systemic oxygen 
delivery and tissue oxygen consumption. In the daily 
ICU practice, failed mobilization is often related to the 
occurrence of symptomatic orthostatic hypotension 
that requires appropriate therapy before transferal to 
the surgical floor.

In this observational study, we described the 
hemodynamic response to active mobilization in 
consecutive patients recovering from cardiac surgical 
procedures and by assessing the safety profile, we 
discriminated patients poorly tolerant to this orthostatic 
challenge.

MATERIALS AND METHODS

This prospective cohort study was conducted in a 
Swiss tertiary nonacademic cardiovascular ICU from 
September 2009 to March 2010. The study was approved 
by the Institutional Research Board and informed 
consent was obtained from each patient who met the 
eligibility criteria. The study population included 
consecutive patients scheduled to undergo elective 
cardiac surgery, either isolated coronary artery bypass 
grafting (CABG) with or without cardiopulmonary 
bypass (CPB), aortic valve replacement (AVR), or 
combined CABG and AVR. Exclusion criteria consisted 
of age <18 years, the use of thoracic epidural analgesia, 
and the presence of severely impaired cardiac 
function as defined by the left ventricular ejection 
fraction <20% or the need for preoperative inotropic 
support or intra‑aortic balloon pump. Postoperatively, 
patients were secondarily excluded if they presented 
neurological impairment, hemodynamic instability, 
metabolic acidosis (blood lactate >3 mmol/L), or 

persisting pain (visual analog scale [VAS] >4/10) that 
precluded mobilization. All patients were managed by 
the same team of cardiac surgeons and anesthetists in 
the operating theater and in the ICU.

The usual medications were continued on the morning 
of the procedure, except for oral anticoagulants. 
All patients received benzodiazepine (midazolam, 
oxazepam, or lorazepam) 30 min before anesthesia 
induction and were equipped in the operating theater 
with an invasive arterial catheter, a central venous 
line, and a bladder catheter. Standardized anesthesia 
management consisted in a propofol induction with 
intermittent administration of opiates (fentanyl) 
and myorelaxants (vecuronium). After tracheal 
intubation and institution of mechanical ventilation, 
a transesophageal echocardiographic (TEE) probe 
was introduced and used as standard intraoperative 
monitoring. After full heparinization, normothermic CPB 
was started using a membrane oxygenator (nonpulsatile 
flow 2.2–2.5 L/min/m2) and with alpha‑stat control for 
acid‑base management. During aortic cross‑clamping, 
myocardial protection was achieved by intermittent 
anterograde cold blood cardioplegia through the aortic 
root and mean arterial pressure (MAP) was maintained 
between 50 and 70 mmHg with vasoactive medications 
as necessary. Weaning from CPB was guided by TEE 
assessment and hemodynamic measurements. In 
addition to fluid loading, electrical atrioventricular 
pacing, vasopressors, and/or inotropes drugs were 
introduced to target specific hemodynamic endpoints: 
Preload optimization based on direct heart visualization 
and left ventricle end‑diastolic diameter, MAP between 
65 and 100 mmHg, and heart rate (HR) between 
70 and 100 beats/min. At the end of the surgical 
procedure, core body temperature was maintained 
above 35.5°C and the patients were transferred to 
the ICU.

In the ICU, if blood loss through the chest drain was 
<150 ml/h and hemodynamic condition remained 
stable, respiratory weaning with adaptive support 
ventilation was started and the patient was extubated 
as soon as possible as far as all safety criteria of our 
fast‑track strategy were fulfilled as detailed elsewhere.[10] 
Patients were kept comfortable (target pain VAS <3/10) 
by intravenous titration with opiates (morphine 
1–4 mg/h or fentanyl 20–40 mcg/h), in addition to 
acetaminophen (1 g/6 h).

On the morning of the 1st postoperative day, a standardized 
35–40 min mobilization trial was attempted by the 
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nursing team, while ECG and invasive pressures were 
monitored and the patient was observed for clinical 
signs of intolerance (e.g., dizziness, blurred vision, and 
nausea). Starting from the horizontal resting position, 
the patient was first placed sitting on the bed for 5 min 
with feet on the floor, then he was moved to an armchair 
for 30 min, and finally returned to the initial recumbent 
position. Before each mobilization, the pressure 
transducers were zeroed, aligning the reference point to 
the fifth intercostal space in the mid‑axillary line.

Five minutes before mobilization (T0), 10 min after 
sitting (T1) on the armchair, and 10 min after returning 
to bed (T2), central venous blood was sampled and the 
following data were recorded: HR, MAP, right atrial 
pressure (RAP), arterial oxygen saturation (SpO2), 
ScvO2, and lactate concentrations.

Discharge criterions from ICU to ward included: 
Toleration of mobilization, absence of vasoactive 
treatment, stable hemodynamic, satisfactory respiratory 
conditions, unnecessary of invasive monitoring, and no 
further active interventions planned.

The safety profile was the primary study endpoint as 
determined by the onset of arterial hypotension (decrease 
in MAP >10%), and supraventricular or ventricular 
arrhythmias.

The results are presented as median with interquartile 
range, mean with 95% confidence interval (standard 
deviation) or number with percentage (%) as appropriate. 
To assess the hemodynamic and ScvO2 changes 
during mobilization, analysis of variance for repeated 
measurements was used and followed by pairwise 
Student’s t‑tests for post hoc analyses with Bonferroni 
correction according to the number of comparisons. 
Statistical significance was set at 0.05. All the statistical 
analyses were performed with the commercially 
available JMP Statistical Discovery software 7.0 (SAS 
Institute, Cary, NC, USA).

RESULTS

We considered 184 consecutive patients: 124 were 
secondarily excluded (58 not elective surgical 
procedures, 42 for epidural combined analgesia, 
16 with unstable hemodynamic conditions, seven 
because needed re‑operation for blood loss, one for 
transitory neurological deficit, and seven refused to 
participate in the study). Finally, 53 patients were 
included in the present study [Figure 1].

Baseline characteristics are presented in Table 1. The 
majority of patients were male (64%), older than 70 years 
old (57%), with chronic hypertension (79%), with a 
EuroSCORE of 6.3 ± 3.5 points, and underwent isolated 
CABG surgery (68%). All patients could be weaned from 
the ventilator within the first 4 postoperative h. In the 
12 h before mobilization, the patients received a total of 
12 ± 6.4 mg of morphine or 182 ± 43 mcg/h of fentanyl, 
with a median VAS of 0 (0, 3) at mobilization. The mean 
hemoglobin level at mobilization was 9.87 ± 1.17 mg/
dL and the mean cumulative fluid balance was 

Figure 1:	Patient	flow	diagram

Table 1: Demographic, comorbidity, and surgery 
baseline characteristics of the 53 patients

Characteristics N = 53 
Demographics

Age (years) 69.1±10.4
Female, n (%) 19 (35.85)
EuroSCORE 6.3±3.5
Weight (kg) 77.9±13.2
Body mass index (kg/m2) 28.0±4.2
Body surface area (m2) 1.8±0.4

Comorbidity, n (%)
Arterial hypertension 42 (79.24)
Diabetes mellitus 18 (33.96)
Chronic obstructive pulmonary disease 4 (7.55)
Peripheral vasculopathy 10 (18.87)
Chronic renal failure 4 (7.55)
Stroke 4 (7.55)
Myocardial infarction 24 (45.28)
Other comorbidity 13 (24.53)

Surgery
Isolated CABG, n (%) 36 (67.92)
Aortic valve surgery, n (%) 12 (22.64)
Combined CABG and aortic valve surgery, n (%) 5 (9.43)
Off-pump operation, n (%) 7 (13.21)
Cardiopulmonary bypass time (min) 91.7±52.6
Fentanyl intraoperative dose (mcg) 1136±345

Data expressed as mean and SD or as median and IQR, as 
appropriate. CABG: Coronary aortic bypass grafting,  
SD: standard deviation, IQR: interquartile ratio
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1858	ml	(−380,	4606)	on	day	1.	The	median	time	from	
ICU admission to mobilization was 20.3 h (19, 21.4). 
At that time, 17 patients were still receiving low‑dose 
inotropes (dobutamine, n = 6), low‑dose vasopressor 
(norepinephrine, n = 13), or both drugs (n = 2) to 
stabilize their hemodynamic condition [Table 2].

All patients successfully completed the mobilization 
protocol without experiencing myocardial ischemia 

Figure 2: Central venous oxygen saturation and arterial lactate values in supine bed resting (T0), after 10 min in sitting position (T1), 
and 10 min after returning in bed (T2). Line is median value and whiskers are the 1st and 3rd quartile (***P < 0.05 T1 vs. T0 and 
T2; **P < 0.05 T2 vs. T0; *P < 0.05 T1 vs. T0)

or other major complications. Eighteen patients 
presented a significant decrease in MAP but only nine 
of them required treatment: Seven received additional 
intravenous fluids (median 500 ml) and two received 
vasopressor support (low‑dose norepinephrine infusion). 
Seven patients complained of self‑limiting nausea with 
one of them felt transiently dizzy and three patients 
presented self‑limited arrhythmias (two sinus tachycardia 
and one paroxysmal supraventricular arrhythmia).

The hemodynamic parameters recorded before, during, 
and after mobilization are reported in Figures 2 and 3. 
Compared with the recumbent position, the patients 
presented an increased blood lactate (34.6% [31.6%, 
47.6%], P = 0.0022) and a significant reduction 
in	 RAP	 (−33%	 [−21%,	−45%], P < 0.0001) and 
ScvO2	 (−7.4%	 [−5.9%,	−9.9%], P = 0.0002). MAP, 
HR, and SpO2 did not change significantly. As 
shown in Figure 4, a greater decrease in ScvO2 was 
observed among “hypotensive patients” compared with 
“non‑hypotensive	patients”	(−18	±	5%	vs.	−9	±	4%, 
P = 0.004) that was accompanied by similar changes 
in HR, RAP, and C‑reactive protein (227 ± 72 vs. 
214 ± 56 mg/L, P value not significant). Noteworthy, 
hypotensive and nonhypotensive patients did not differ 
in terms of preoperative and procedural characteristics.

After resuming the initial recumbent position, RAP and 
ScvO2 recovered basal values, whereas blood lactate 
levels remained significantly increased [Table 3].

Postoperative data and outcomes are presented in 
Table 2. All patients were discharged from the ICU after 
a median stay of 25 h (23, 36). The 28 days mortality rate 
was 3.77% (n = 2, one case due to mesenteric ischemia 
and one case due to multiple organ dysfunction due 
to heparin‑induced thrombocytopenia type II). Five 

Table 2: Postoperative data and outcomes of 
the 53 patients

Outcomes N = 53 
Median time from ICU admission 
to mobilization (h)

20.3 (19-21.42)

Duration of postoperative 
mechanical ventilation (h)

3 (1.75-4)

Mobilization time (min) 79 (32-240)
Length of ICU stay (h) 24.75 (23.3-36.3)
Re-admission rate in ICU (%) 1 (1.89)
Need for vasopressor support at 
mobilization (%)

13 (24.53)

Vasopressor support at mobilization 
(norepinephrine, µg/kg/min)

0.038 (0.029-0.051)

Need for inotropic support at 
mobilization (%)

6 (11.32)

Inotropic support at mobilization 
(dobutamine, µg/kg/min)

1.23 (1.06-2.70)

Hemoglobin (mg/dL) 9.87±1.17
Fluid balance at postoperative day 
1 (mL)

1858	 (−380‑4606)

Complications of mobilization (%)
Hypotension* 9 (16.98)
Nausea 7 (13.21)
Arrhythmia 3 (5.66)

Hospital length of stay (days) 9 (8-11)
Postoperative 28-day mortality (%) 2 (3.77)

Data expressed as median and IQR, mean and SD, or number of 
cases	and	percentage	as	appropriate.	 *Defined	as	mean	arterial	
pressure <10% baseline needing active intervention. ICU: Intensive 
Care Unit, SD: Standard deviation, IQR: Interquartile range
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impairment in postoperative postural cardiovascular 
response after cardiac[7‑9] and major abdominal 
surgery[11] but not after breast surgery.[12]

During mobilization procedure, a part of the thoracic 
blood is translocated downward and then the venous 
pooling increases. The venous return to the heart results 
inadequate, even if the decrease in RAP should cause 
the conversion of unstressed volume to the stressed 
volume.[13] This compensatory mechanism alone is 
not enough to satisfy the O2 demand, resulting in an 
unbalance condition. This pathophysiological process 
is accentuated by vasoplegia, capillary leak, and relative 
postoperative hypovolemia.

Circulatory and neurologic feedback mechanisms 
are required to maintain cerebral perfusion and 
consciousness in front of the hydrostatic change.[14]

The orthostatic response is complex, including muscle 
pump against venous blood pooling, autonomic 
control of the arterial resistances to limit blood 

Table 3: Hemodynamic parameters during first postoperative mobilization, in supine bed resting 
position (T0), after 10 min in sitting position (T1), and 10 min after returning in bed (T2)

T0 T1 T2 P
T0 versus T1 T0 versus T2 T1 versus T2

Heart rate (bpm) 86.7±15.6 89.3±15.4 86.7±14.3 0.3720 0.9897 0.3651
MAP (mmHg) 76.4±7.0 73.7±8.9 75.4±9.5 0.1010 005586 0.2890
RAP (mmHg) 10.2±4.0 6.8±4.3 9.5±4.5 <0.0001 0.4134 0.0009
SaO2 (%) 97.6±1.6 97.4±1.9 96.9±2.1 0.5319 0.0592 0.2046
ScvO2 (%) 64.3±5.7 59.5±7.5 62.4±6.2 0.0002 0.1222 0.0215
Lactate (mmol/L) 1.4±0.6 1.8±0.7 1.9±0.8 0.0022 <0.0001 0.2841

Data expressed as mean and SD. MAP: Mean arterial pressure; RAP: Right atrial pressure; SaO2: Arterial blood oxygen saturation; 
ScvO2: Central venous blood oxygen saturation, SD: Standard deviation

patients presented other complications in the surgical 
ward (n = 3, transient neurological impairment; n = 1, 
atrial fibrillation; and n = 1, pulmonary atelectasis).

DISCUSSION

The main finding of this study is that early mobilization in 
cardiac surgery patients is a safe procedure in an intensive 
care setting, with few adverse events, even if it could be 
associated with significant hemodynamic alterations.

Mobilization plays an important role as a part of 
fast‑track approach to enhance postoperative recovery 
and decrease convalescence time.[3‑4] Fast‑track should 
not be limited to rapid extubation but it is a process 
concerning all the perioperative management.[5] Until 
now, early postoperative mobilization has been evaluated 
in physiologic studies with complete hemodynamic 
measurements by more or less invasive methods, in 
which mobilization represents simply the effort test 
chosen in the experimental design to investigate the 
cardiocirculatory response after general anesthesia 
and various types of surgery. Previous studies showed 

Figure 3: Hemodynamic parameters during mobilization: 
mean arterial pressure, heart rate, arterial oxygen saturation, 
and right atrial pressure. Data expressed as mean (*P < 0.05 
T1 vs. T0 and T2)

Figure 4: Comparison of mean arterial pressure, heart rate, 
central venous oxygen saturation, and right atrial pressure 
during mobilization in patients who experienced (black square 
and dotted line) or not (black circle and continuous line) a fall 
in mean arterial pressure >10% (*P < 0.05 vs. baseline)
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flow to the extremities and splanchnic vascular 
bed, local metabolic mechanisms and delayed 
neurohumoral effects with the activation of the 
renin‑angiotensin‑aldosterone system, and the 
releasing of epinephrine and vasopressin. In healthy 
subjects, the integration of the described systems 
can maintain blood pressure values, even if the 
cerebral arterial pressure results decreased, since 
the hydrostatic column between heart and brain. 
The physiologic postural hemodynamic changes 
should include an increase in HR (10–30 beats/min), 
a nonsignificant reduction in systolic blood pressure 
with an increase in diastolic and mean blood pressure: 
Consequently, pulse pressure decrease.[15]

Kirkeby‑Garstad et al.[8‑9] demonstrated that the patients 
in the early postoperative period after CABG and 
AVR exhibit a marked desaturation when mobilized, 
revealing an inadequate cardiovascular response. 
Furthermore, Bungaard‑Nielsen et al.[11] found the 
same impaired response in patients that underwent 
radical prostatectomy. Their studies did not discuss 
if early mobilization represents an advantage for the 
patients in fast‑tracking recovery or if it is safe in 
these hemodynamic conditions. A more recent trial 
showed that early postoperative orthostatic intolerance 
associated with an impaired cardiovascular orthostatic 
response is common in patients that underwent total 
hip replacement.[16]

The results of the present study confirm the increased 
oxygen consumption during early mobilization which 
was not compensated by a normal response to the 
effort: HR and MAP remain constant, but RAP and 
ScvO2 decrease significantly in sitting position and 
restore in returning to bed. The arterial lactate level 
is increased during all the procedure also after the 
return in bed [Figure 2], but always below the cutoff 
value of 3 mmol/L, which identifies the patients at 
higher postoperative risk.[17] The modest physical effort 
done during early mobilization represents a metabolic 
imbalance between oxygen demand and supply after 
cardiac surgery. Our results showed only a slight 
increase in lactate plasma level, fortunately without 
clinical relevance, provided an accurate management 
in an intensive clinical setting.

The ScvO2 was 64% in starting position, showing 
that patients after cardiac surgery were already in 
compensatory mode[18] with mobilization ScvO2 
decrease under 60% and in nine patients under 50% 
(minimum 42.7%).

The results from the “hypotensive patients” showed 
a significant greater decrease in ScvO2 indicating a 
subclinical deficit of perfusion; in fact, only nine 
patients necessitated of therapeutic intervention with 
the fluid infusion (seven patients) or a vasopressor 
support (two patients) and only two patients presented 
MAP <60 mmHg. Therefore, mobilization represents 
a dynamic test involving the activation of the 
compensatory mechanisms, leading to a deficit of tissue 
perfusion as highlighted by ScvO2 alone. Particular 
attention should be given to the decrease in MAP. This 
subgroup did not present significant variation in other 
hemodynamic and inflammatory parameters.

There was no correlation between ScvO2 desaturation 
and clinical symptoms (e.g., hypotension, nausea, 
or dizziness). An early goal directed therapy with 
fluids, inotropes, or vasopressors has been proposed to 
maximize oxygen delivery after cardiac surgery[19] and 
critically ill patients,[20] but recently several doubts rose 
about this protocol‑based approach.[21] In other critical 
care fields,[22] the ScvO2 is retained a reliable parameter 
for weaning procedure. Our data collection showed a 
mismatch between clinical course and ScvO2 suggesting 
that it could not be considered a target of therapy in this 
setting. The response to mobilization observed in our 
patients is lacking in tachycardia, and also the blood 
pressure compensation is variable: Only about half of 
the patients presented a correct increase in diastolic 
pressure and a consequent pulse pressure decrease. 
Despite the difficulties in hemodynamic compensation, 
35 patients tolerated mobilization very well. The 
response to mobilization resulted independently from 
the type of cardiac surgery, the age, the ejection fraction, 
the fluid balance, or initial RAP.

The main symptom of intolerance was hypotension 
in nine patients, in which the therapy of the first 
choice was fluids administration as the adequate blood 
volume is a prerequisite for an orthostatic response.[23] 
One patient presented transient symptoms of cerebral 
hypoperfusion as dizziness; nausea instead resulted in 
difficult interpretation for the analgesic therapy with 
opiate agents, but all the patients were responsive to 
pharmacologic therapy.

The most frequent worries to the mobilization of a 
cardiac surgery patient are the sternal diastasis and 
the hemorrhagic risk, both did not occur in our group 
of patients. No such complications resulted directly 
related to the mobilization.
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No increase in overall complications was observed 
with the introduction of mobilization procedure. 
in particular, no reintubation and no respiratory 
complications were observed. The advantages of sitting 
position on the pulmonary system (e.g., compliance 
and atelectasis prevention) are well documented in 
the literature[24‑25] and their description is beyond the 
aim of the study. The reported incidence of respiratory 
failure after cardiac surgery, depending on the definition 
assumed, ranges between 5% and 20%.[26] In our 
study cohort, no respiratory complications requiring 
mechanical ventilation were registered, supporting that 
mobilization is one of the strategies for the reduction 
of perioperative pulmonary complications as described 
in the guidelines proposed for noncardiac surgery.[27]

The early mobilization after cardiac surgery, in our 
opinion, is a safe and feasible procedure to be performed 
under clinical and hemodynamic monitoring in an 
intensive care setting. Our observations showed that 
early mobilization after cardiac surgery represents a 
physical effort not completely compensated as proven 
by the ScvO2 desaturation and the increase in lactic acid 
level. The duration of this cardiovascular impairment is 
unknown: Kirkeby‑Garstad et al.[8] showed that it is still 
present at 48 h after cardiac surgery. The previous studies 
described this phenomenon but they did not indicate the 
causes, which may be, in our opinion, multifactorial: The 
impact of general anesthesia on baroreceptor function,[27] 
the systemic inflammatory response syndrome after major 
surgery, and the chronic antihypertensive preoperative 
therapy, while the postoperative myocardial dysfunction 
should not affect the response to early mobilization.[28]

CONCLUSIONS

On the basis of our observations, early mobilization 
is an important part of perioperative cardiac surgery 
care, showing few adverse events and may contribute to 
decrease the incidence of perioperative complications, 
in particular, respiratory complications. Due to 
cardiovascular system impairment after cardiac surgery, 
mobilization should be performed under strict clinical 
and hemodynamic monitoring in an intensive care 
setting, with particular attention to blood lactate 
and central venous saturation. Mobilization, in these 
conditions, is safe and could be considered as ICU 
discharge criteria after cardiac surgery.

Financial support and sponsorship
This work was supported only by institutional funding.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Ender J, Borger MA, Scholz M, Funkat AK, Anwar N, 
Sommer M, et al. Cardiac surgery fast‑track treatment in a 
postanesthetic care unit: Six‑month results of the Leipzig 
fast‑track concept. Anesthesiology 2008;109:61‑6.

2. Cheng DC, Wall C, Djaiani G, Peragallo RA, Carroll J, 
Li C, et al. Randomized assessment of resource use in 
fast‑track cardiac surgery 1‑year after hospital discharge. 
Anesthesiology 2003;98:651‑7.

3. Kehlet H, Wilmore DW. Evidence‑based surgical care 
and the evolution of fast‑track surgery. Ann Surg 
2008;248:189‑98.

4. O’Connor ED, Walsham J. Should we mobilise critically 
ill patients? A review. Crit Care Resusc 2009;11:290‑300.

5. Carli F, Baldini G. Fast‑track surgery: It is time for the 
anesthesiologist to get involved! Minerva Anestesiol 
2011;77:227‑30.

6. Mundy LM, Leet TL, Darst K, Schnitzler MA, Dunagan WC. 
Early mobilization of patients hospitalized with 
community‑acquired pneumonia. Chest 2003;124:883‑9.

7. Kirkeby‑Garstad I, Wisløff U, Skogvoll E, Stølen T, 
Tjønna AE, Stenseth R, et al. The marked reduction 
in mixed venous oxygen saturation during early 
mobilization after cardiac surgery: The effect of posture 
or exercise? Anesth Analg 2006;102:1609‑16.

8. Kirkeby‑Garstad I, Sellevold OF, Stenseth R, Skogvoll E. 
Mixed venous oxygen desaturation during early 
mobilization after coronary artery bypass surgery. Acta 
Anaesthesiol Scand 2005;49:827‑34.

9. Kirkeby‑Garstad I, Sellevold OF, Stenseth R, Skogvoll E, 
Karevold A. Marked mixed venous desaturation during 
early mobilization after aortic valve surgery. Anesth Analg 
2004;98:311‑7.

10. Cassina T, Chioléro R, Mauri R, Revelly JP. Clinical 
experience with adaptive support ventilation for 
fast‑track cardiac surgery. J Cardiothorac Vasc Anesth 
2003;17:571‑5.

11. Bundgaard‑Nielsen M, Jørgensen CC, Jørgensen TB, 
Ruhnau B, Secher NH, Kehlet H. Orthostatic intolerance 
and the cardiovascular response to early postoperative 
mobilization. Br J Anaesth 2009;102:756‑62.

12. Müller RG, Bundgaard‑Nielsen M, Kehlet H. Orthostatic 
function and the cardiovascular response to early 
mobilization after breast cancer surgery. Br J Anaesth 
2010;104:298‑304.

13. Gelman S. Venous function and central venous pressure: 
A physiologic story. Anesthesiology 2008;108:735‑48.

14. Medow MS, Stewart JM, Sanyal S, Mumtaz A, Sica D, 
Frishman WH. Pathophysiology, diagnosis, and treatment 
of orthostatic hypotension and vasovagal syncope. 
Cardiol Rev 2008;16:4‑20.

15. Darovic OG, editor. Cardiovascular anatomy and 
physiology. In: Hemodynamic Monitoring. Invasive and 
Non Invasive Clinical Application. Philadelphia: Saunders 
Elsevier; 2002. p. 79‑88.

16. Jans Ø, Bundgaard‑Nielsen M, Solgaard S, Johansson PI, 
Kehlet H. Orthostatic intolerance during early 



Cassina, et al.: Hemodynamics and early mobilization in cardiac surgery

432 Annals of Cardiac Anaesthesia  |  Jul-Sep-2016  |  Vol 19  |  Issue 3

mobilization after fast‑track hip arthroplasty. Br J Anaesth 
2012;108:436‑43.

17. Maillet JM, Le Besnerais P, Cantoni M, Nataf P, 
Ruffenach A, Lessana A, et al. Frequency, risk factors, 
and outcome of hyperlactatemia after cardiac surgery. 
Chest 2003;123:1361‑6.

18. Bloos F, Reinhart K. Venous oximetry. Intensive Care Med 
2005;31:911‑3.

19. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, 
Knoblich B, et al. Early goal‑directed therapy in the 
treatment of severe sepsis and septic shock. N Engl J 
Med 2001;345:1368‑77.

20. Pölönen P, Ruokonen E, Hippeläinen M, Pöyhönen M, 
Takala J. A prospective, randomized study of goal‑oriented 
hemodynamic therapy in cardiac surgical patients. Anesth 
Analg 2000;90:1052‑9.

21. Gupta RG, Hartigan SM, Kashiouris MG, Sessler CN, 
Bearman GM. Early goal‑directed resuscitation of patients 
with septic shock: Current evidence and future directions. 
Crit Care 2015;19:286.

22. Heyland DK, Cook DJ, King D, Kernerman P, Brun‑Buisson C. 
Maximizing oxygen delivery in critically ill patients: A 

methodologic appraisal of the evidence. Crit Care Med 
1996;24:517‑24.

23. Teixeira C, da Silva NB, Savi A, Vieira SR, Nasi LA, 
Friedman G, et al. Central venous saturation is a predictor 
of reintubation in difficult‑to‑wean patients. Crit Care 
Med 2010;38:491‑6.

24. Harms MP, van Lieshout JJ, Jenstrup M, Pott F, Secher NH. 
Postural effects on cardiac output and mixed venous 
oxygen saturation in humans. Exp Physiol 2003;88:611‑6.

25. Navajas D, Farre R, Rotger MM, Milic‑Emili J, Sanchis J. 
Effect of body posture on respiratory impedance. J Appl 
Physiol 1988;64:194‑9.

26. Pelosi P, Gregoretti C. Perioperative management 
of obese patients. Best Pract Res Clin Anaesthesiol 
2010;24:211‑25.

27. Filsoufi F, Rahmanian PB, Castillo JG, Chikwe J, 
Adams DH. Predictors and early and late outcomes of 
respiratory failure in contemporary cardiac surgery. Chest 
2008;133:713‑21.

28. Cowie DA, Shoemaker JK, Gelb AW. Orthostatic 
hypotension occurs frequently in the first hour after 
anesthesia. Anesth Analg 2004;98:40‑5.


