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Editor’s key points

† Haemodynamic
responses during
orthostatic intolerance
(OI) after hip surgery
were studied.

† Up to 20% patients had
OI 24 h after surgery.

† Patients with intolerance
showed impaired
haemodynamic
responses to changes in
position.

† The study shows how
common orthostatic
hypotension after
hip surgery is, and it
attempts to evaluate the
underlying mechanisms.

Background. Early postoperative mobilization is a cornerstone in fast-track total hip
arthroplasty (THA), but postoperative orthostatic intolerance (OI) may delay early
recovery or lead to fainting, falls, and prosthesis dislocation or fracture. However, the
prevalence and pathophysiology of OI has not been established after THA. This study
evaluated the cardiovascular response and tissue oxygenation to mobilization before and
after surgery in relation to OI in fast-track THA patients.

Methods. OI and the cardiovascular response to standing were evaluated with a
standardized mobilization protocol, before, 6, and 24 h after surgery in 26 patients
undergoing THA with spinal anaesthesia and an opioid-sparing analgesic regime.
Haemoglobin, fluid balance, and opioid use were recorded. Systolic (SAP) and diastolic
(DAP) arterial pressure, heart rate (HR), stroke volume (SV), cardiac output (CO), and
systemic vascular resistance were measured non-invasively (Nexfinw) and cerebral (ScO2 )
and muscle tissue oxygenation by non-infrared spectroscopy.

Results. No patients demonstrated OI before surgery, whereas 11 (42%) and five (19%)
patients experienced OI 6 and 24 h after surgery, respectively. OI was associated with
decreased orthostatic responses in SAP, DAP, SV, CO, and ScO2 compared with orthostatic
tolerant patients (P,0.05). There was no difference in postoperative haemoglobin
concentrations or opioid use between orthostatic intolerant and tolerant patients.

Conclusions. Early postoperative OI is common in patients undergoing THA and is
associated with an impaired cardiovascular orthostatic response and decreased cerebral
oxygenation.
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Early postoperative mobilization is essential for rapid func-
tional recovery after surgery and is considered a cornerstone
in the so-called fast-track multimodal perioperative ap-
proach which includes early ambulation and oral nutrition,
multimodal opioid-sparing analgesia, and optimized fluid
therapy. This strategy has improved patients outcome after
surgery and reduced length of hospital stay.1 However, post-
operative orthostatic intolerance (OI) may delay ambulation
and is characterized by symptoms of dizziness, nausea,
blurred vision, or syncope due to failed orthostatic cardiovas-
cular regulation, a decrease in arterial pressure, and cerebral
hypoperfusion during standing.2 Transient inability to ambu-
late has been observed after ambulatory surgery and
remains a cause of prolonged hospital stay.3 – 5 Additionally,
a high (50%) incidence of OI during early postoperative
mobilization has been reported in patients undergoing

radical prostatectomy,6 whereas intact orthostatic cardiovas-
cular regulation was observed 30 min after mastectomy in a
fast-track setting.7

Patients undergoing fast-track total hip arthroplasty (THA)
are often mobilized on the day of surgery and are required to
participate in physiotherapy sessions in the early post-
operative period.8 Thus, OI may delay recovery and cause
symptoms of cerebral hypoperfusion and syncope, leading
to potential serious complications such as falls with a risk
of prosthesis dislocation and fracture in this often elderly
group of patients.9 However, the incidence of OI during
early mobilization in orthopaedic surgery is unknown and
the predisposing factors and cardiovascular mechanisms
involved in failed orthostasis are not fully understood.6

The primary aim of this study was to determine the
incidence of OI during early postoperative mobilization in
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fast-track THA and secondary aims were to describe the
changes in cerebral oxygenation and cardiovascular vari-
ables involved in the pathophysiology of OI. In addition, we
examined whether bleeding, postoperative anaemia, or
opioid use was associated with OI.

Methods
Twenty-six patients (17 females) undergoing unilateral
primary THA were included in the period of March–July
2010. Exclusion criteria were history of OI, diabetes mellitus,
atrial fibrillation, ASA score ≥III, or a history of alcohol abuse
(.40 units week21). All patients gave informed consent and
the trial was approved by the local ethics committee
(H-D-2009-067) and registered by the Danish data protec-
tions agency and on ClinicalTrials.gov under the US national
library of medicine (NCT01089946).

Anaesthesia, pain management, and surgery
Patients were anaesthetized with spinal anaesthesia
(12.5–15 mg bupivacaine) and received propofol sedation
at the discretion of the attending anaesthesiologist.

The preoperative fasting period was 6 and 2 h before
surgery for solid food and clear fluids, respectively.10 To
cover basal and surgical fluid losses, a fixed volume fluid
regimen of 12 ml kg21 isotonic saline the first hour of
surgery was administered, followed by 6 ml kg21 h21 until
end of surgery.11 Blood loss was replaced 1:1 with 6%
hydroxyl ethyl starch (Voluven; 130/0.4 Fresenius Kabi AB,
Uppsala, Sweden). For the first 6 h after surgery, patients
received saline 2 ml kg21 h21 with no restrictions on oral
fluid intake. Criteria for blood transfusion were haemoglobin
(Hb) ,7.5 g dl21 or Hb ,10.0 g dl21 in patients with severe
ischaemic heart disease according to guidelines published by
the Danish National Board of Health.12

Perioperative pain management was standardized as
follows: acetaminophen 2 g and gabapentin 600 mg before
operation, continuing with gabapentin 900 mg and acet-
aminophen 4 g daily for the duration of hospital stay.
During the first 24 h after surgery, high volume local infiltra-
tion analgesia with ropivacaine 2% was administered intra-
operatively and 8 and 24 h after surgery using an 18 G
epidural catheter placed in the incision by the surgeon.13 14

Pain scores were graded on a verbal rating scale (0–10)
and if they exceeded 3 at rest or 5 during movement,
patients received supplemental oxycodone.

Orthostatic challenge
A standardized mobilization procedure was performed "1 h
before surgery and was repeated 6 and 24 h after the oper-
ation, defined from the time of wound closure. Mobilization
included supine rest (5 min), followed by 308 passive leg
raise (3 min), supine rest (5 min), sitting on the bed with
the feet on the floor (3 min), followed by standing while
the patient was verbally encouraged to stand on the toes
and shift body weight from one leg to the other in order to
activate the muscle pump and attenuate venous pooling in

the legs (3 min).15 The mobilization procedure ended with
recovery at supine rest (5 min).6 The procedure was termi-
nated if the patients reported symptoms of OI (dizziness,
nausea, blurred vision) or upon a decrease in systolic arterial
pressure (SAP) .30 mm Hg. During the test, the muscle and
cerebral (frontal lobe cortex) oxygenation were assessed
with intervals of 10 s by near-infrared spectroscopy (NIRS,
Somanetics, INVOSw, cerebral oximeter, Troy, OH, USA) with
optodes placed on the biceps brachii muscle and on the
forehead. NIRS has been validated as a measure of tissue
oxygenation in both surgical and non-surgical settings.16 – 18

Continuous arterial pressures were measured by a finger
cuff applied on the middle part of the third finger. From
the arterial pressure wave, an aortic flow waveform is
computed by simulating a non-linear, time-varying model
of the aortic input impedance (Nexfinw, BMeye, Amsterdam,
The Netherlands) and integrating the computed aortic flow
waveform per beat provides stroke volume (SV). Cardiac
output (CO) was calculated as SV times heart rate (HR) and
total peripheral resistance (TPR) from the ratio of mean
arterial pressure to CO.19 During each postoperative mobiliza-
tion test, fluid status and Hb were recorded and pain was
graded for each body position. Before the 6 h test, remaining
motor blockade was ruled out using a modified Bromage
scale.20

Orthostatic classification
During the mobilization challenge, patients were classified as
having OI if they experienced signs of cerebral hypoperfusion
such as dizziness, nausea, blurred vision, feeling of heat or
syncope, or a decrease in SAP .30 mm Hg. Regardless of
symptoms, patients with a .20 mm Hg decrease in SAP or
a .10 mm Hg decrease in diastolic arterial pressure (DAP)
upon standing were classified as having orthostatic
hypotension.21

Data analyses
The finger arterial pressure curve and the derived cardiovas-
cular values were analysed using the Nexfin@PC 1.0 software
package (BMeye, Amsterdam, The Netherlands). Each curve
was visually inspected for artifacts, and such data were
excluded. For both Nexfin and NIRS variables, estimates
representing the supine rest periods were averaged over 5
min, while estimates representing the mobilization periods
of sitting and standing were averaged over the last 10 s
before termination of each posture, both for patients com-
pleting the mobilization procedure and patients terminating
the mobilization procedure prematurely due to OI.

Normally distributed data are presented as mean (SD),
while data not normally distributed are presented as
median (inter-quartile range, IQR). A mixed-model analysis
of variance for repeated measures was used for comparison
of cardiovascular and oxygenation variables between and
within each test session and between orthostatic tolerant
(OT) and intolerant patients. CO and TPR were included in
the model as covariates in order to explain differences in
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SAP between sessions. Differences in patient characteristics
between OT and OI patients were identified using an
unpaired t-test or the Mann–Whitney U-test where appropri-
ate and logistic regression analyses were performed to evalu-
ate the correlation between the postoperative Hb
concentration or opioid use and the occurrence of OI.
While no data on OI after THA existed, previous data from
an evaluation of OI after prostatectomy found a 17 (SD

16.5) mm Hg difference between the SAP response before
and 6 h after surgery.6 Based on these data, a sample size
of 21 patients was required in order to detect a difference
of 10 mm Hg in the orthostatic SAP response before and
after surgery with a power of 0.8 (1–b) and an a of 0.05 in
a paired analysis. Thus, 26 patients were, therefore, enrolled
in the study. Statistical analyses were performed using SAS
9.1.3 (SAS Institute Inc., Cary, NC, USA) with a P-value of
,0.05 representing statistical significance.

Results
Patient characteristics and perioperative
management
Patients had a median (range) age of 64 (43–80) yr, weight
82 (52–125) kg, height 168 (152–193) cm, and 12 (46%)
patients received oral antihypertensives. Patient characteris-
tics did not differ between OT and intolerant patients at 6
and 24 h after surgery.

Patients received a median (IQR) dose of 15 (14.5–15) mg
bupivacaine 5 mg ml21 for spinal anaesthesia with surgery
lasting 49 (40–57) min (cut to last suture). Fluid administra-
tion and losses are shown in Table 1.

OI and hypotension
No patients demonstrated OI or orthostatic hypotension
during the preoperative mobilization procedure, while 11
(42%) and five (19%) patients had OI 6 and 24 h after
surgery, respectively. Of the 11 patients experiencing OI at
6 h after surgery, nine were classified as having OI due to
both subjective symptoms and objective criteria (SAP
decrease .30 mm Hg) and two patients based on symptoms
alone. Of the five OI patients at 24 h, three patients were

classified as having OI based on both symptoms and object-
ive criteria and two based on symptoms alone.

Regardless of OI symptoms, 12 and five patients were
classified as having orthostatic hypotension (SAP decrease
.20 mm Hg) at 6 and 24 h after surgery, respectively.

Cardiovascular responses and changes in tissue
oxygenation
Table 2 shows cardiovascular variables and tissue oxygen-
ation during mobilization before, 6, and 24 h after surgery.
Before surgery, upon 308 leg raise, all cardiovascular vari-
ables remained stable. However, from the supine to standing
position, SAP increased by mean (95% confidence interval)
18 (11–26) mm Hg, DAP by 12 (9–15) mm Hg, HR by 9 (7–
11) beats min21, and systemic vascular resistance (SVR) by
315 (208–423) dyn s cm25. CO remained stable while SV
decreased by 12 (9–15) ml and cerebral and muscle tissue
oxygenation decreased by 2 (1–3)% and 8 (7–10)%, respect-
ively (Fig. 1).

At 6 h after surgery, the responses in SAP, DAP, CO, SV, and
ScO2 from supine to standing were significantly decreased in
OI patients compared with OT patients (P,0.01; Table 3). The
responses to standing were impaired for SAP, DAP, SVR, and
ScO2 compared with the preoperative evaluation for both
OT and OI patients. In addition, for OI patients, the SV and
CO responses were also impaired compared with before
operation (P,0.05; Fig. 1).

At 24 h, the responses from supine to standing were
impaired for SAP, DAP, CO, SVR, and ScO2 in OI vs OT patients
(P,0.01; Table 3). Compared with the preoperative evalu-
ation, orthostatic responses in DAP and SVR were attenuated
for both OI and OT patients, while SAP responses were atte-
nuated for OI patients only (P,0.05; Fig. 2). At 6 and 24 h
after surgery, neither CO nor SVR alone explained the differ-
ences in the arterial pressure response from the preoperative
evaluation. However, when both CO and SVR were included
as covariates, they accounted for the differences from the
preoperative evaluation.

Bleeding, postoperative haemoglobin concentration,
and opioid use
The Hb concentration was mean (SD) 14.1 (1.3) g dl21 before
surgery and 11.1 (1.3) and 11.2 (0.9) g dl21 at 6 and 24 h
after surgery, respectively. The estimated amount of bleed-
ing and the postoperative Hb concentration did not differ
between OT and intolerant patients and were not associated
with OI in logistic regression analyses (Table 3). No patients
received blood transfusion during the study period.

At 6 h after surgery, patients had received a median (IQR)
oxycodone dose of 9 (5–13.5) mg and pain scores were 3 (2–
4), 4 (2–5), and 3 (2–4) at rest, sitting, and standing, respect-
ively. At 24 h, oxycodone dose was 16.5 (12.3–25), while pain
scores were 2 (0–3), 2 (2–3), and 2 (2–3) at rest, sitting, and
standing, respectively. At 6 and 24 h, there were no differ-
ences in pain scores or opioid dose administered between

Table 1 Cumulative fluid administration and losses
intraoperative, 6 and 24 h after surgery (n¼26). Data presented as
median (IQR) or mean (SD). 6 h, 6 h after surgery; 24 h, 24 h after
surgery; NaCl, isotonic saline; HES, hydroxyethyl starch 130/0.4;
Hb, haemoglobin. *Preoperative Hb

Intraoperative 6 h 24 h

NaCl (ml) 900 (300) 2050 (400) 2725 (800)

HES (ml) 500 (100) 500 (200) 550 (500)

Oral (ml) — 945 (425) 2324 (700)

Diuresis (ml) 300 (160) 725 (400) 2250 (800)

Bleeding (ml) 460 (238) 473 (250) 487 (256)

Hb (g dl21) 14.1 (1.3)* 11.1 (1.3) 11.2 (0.9)
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OT and intolerant patients (Table 3), and opioid dose was not
associated with OI in the logistic regression analysis.

Discussion
The main finding of this study is the high incidence of OI of
42% and 19% at 6 and 24 h after THA, respectively. In
addition, this study found an attenuated arterial pressure
response to mobilization after surgery compared with the
preoperative evaluation in both patients with and without
OI. The impaired responses were aggravated in OI patients,
where orthostatic hypotension and decreased cerebral
frontal lobe oxygenation occurred. Furthermore, we found
no association between OI and bleeding, postoperative Hb
concentration, or opioid use.

The high incidence of OI in the early postoperative period
may have serious clinical implications. The ability to maintain
an upright posture early after surgery is considered essential
as patients are enrolled in various rapid recovery regimens
where mobilization on the day of surgery is considered a
cornerstone.22 Furthermore, OI may lead to syncope during
mobilization, where it may cause falls with a risk of pros-
thesis dislocation or even fracture.9

The findings from the present study are in agreement
with the only other detailed study evaluating orthostatic
function during early mobilization after major surgery,
which found a high incidence (50%) of OI after radical pros-
tatectomy.6 In contrast to these findings, the presence of
OI after minor surgery appears to be low.7 The present
study also evaluated changes in cerebral and muscle oxy-
genation during early mobilization and found a significant
decrease in frontal lobe oxygenation in OI patients. The
decrease deviated significantly, both from the preoperative
response and from the response of OT patients, and
followed the decrease in arterial pressure, suggesting an
association between cerebral hypoperfusion and OI during
early postoperative mobilization. The present study found
an altered response in arterial pressures and SVR compared
with the preoperative evaluation, even in patients complet-
ing the mobilization procedure. This is in agreement with
previous findings,6 and may represent a general dysfunc-
tion in orthostatic cardiovascular regulation in the early
postoperative period after major surgery. Although the
precise pathophysiological mechanisms remain to be eluci-
dated, they may involve factors such as impaired reflex
vasoconstriction or baroreflex dysfunction. This ultimately
leads to reduced cardiac preload and a decrease in arterial
pressure causing reduced cerebral perfusion and cerebral
deoxygenation as observed by the cerebral NIRS measure-
ments in this study.23 Some patients developed no symp-
toms of OI despite orthostatic hypotension, which may
reflect individual tolerances to hypotension due to differ-
ences in the lower limit of cerebral autoregulation.24 In
agreement with a previous study in open radical prostatec-
tomy, both CO and SVR had to be included in the statistical
model in order to explain the impaired orthostatic arterial
pressure responses after surgery.6 Although CO and SVR
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are interrelated, this finding may suggest that a combin-
ation of these factors contribute to the impaired orthostatic
arterial pressure response or that mechanisms involved in
OI may vary between patients.

The high incidence of OI found in the present study may
be related to postoperative hypovolaemia or impaired fluid
balance which may have aggravated the reduction in
central blood volume caused by the transition from the
supine to the upright position.25 However, all patients
received liberal fluid therapy and did not respond to 308
passive leg raise during the postoperative measurements
arguing against functional hypovolaemia. Furthermore,
there were no differences in postoperative fluid status
between OT and intolerant patients.

The presence of dizziness and OI after surgery might be
explained by postoperative anaemia, which could potentially
contribute to the high incidence of OI found in the present
study. The mean perioperative blood loss in THA has been
established to be of a magnitude of "1 litre leading to a
reduction in Hb of "3 g dl21 which is comparable with the
blood loss found in the present study.26 However, we found
no association in the statistical analyses between OI and
the postoperative Hb concentration or estimated bleeding
in the early postoperative period and all OI events occurred
in patients having a Hb concentration of .10 g dl21 which
is above even liberal transfusion triggers, according to inter-
national guidelines.27 As postoperative dizziness and OI may
trigger the clinical decision to transfuse, our findings suggest
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Fig 1 Changes in cardiovascular variables before (Pre) and 6 h after surgery (Post) in orthostatic tolerant (OT) and intolerant (OI) patients
during a standardized mobilization procedure. PLR, 308 leg elevation. *P,0.05 compared with preoperative evaluation; #P,0.05 compared
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that other causes of OI should be considered before transfus-
ing the patient with moderate postoperative anaemia, thus
avoiding unnecessary transfusions that may per se worsen
outcome.28 29

The administration of opioids and pain during mobilization
are additional factors that potentially may contribute to OI in
the postoperative period. While the patients in the present
study received a multimodal opioid-sparing analgesic
regimen, supplemental oxycodone was administered as a
rescue analgesic, which may have contributed to the occur-
rence of OI. However, the administered doses were small
and not associated with OI in the regression analyses. In
addition, gabapentin, which was administered for post-
operative analgesia, may cause dizziness which potentially
might have contributed to OI in the present study.30 31

However, in a previous study in mastectomy patients includ-
ing gabapentin, we did not find postoperative OI.7

Previous studies have evaluated orthostatic function after
general anaesthesia;6 7 nevertheless, the present study is the
first study to evaluate orthostatic function during early
mobilization after spinal anaesthesia. While remaining
motor blockade was ruled out before performing the 6 h
mobilization procedure, we cannot exclude any remaining
effect on vasomotor action. This may have contributed to
the high incidence of OI observed 6 h after surgery.

However, OI was common even 24 h after surgery when no
remaining effect of spinal anaesthesia is expected.

We used Modelflow (Nexfin&) to measure arterial pressure
and calculate haemodynamic variables. Modelflow is a non-
invasive approach to estimate cardiovascular variables but
correlates well with a thermodilution-based determination
of CO and has been validated in cardiac surgery and in deter-
mination of the pathology of orthostatic intolerant patients
in non-surgical settings.32 33 To estimate tissue oxygenation,
we used NIRS. Although the absolute values observed with
NIRS may be variable between individuals, we evaluated
intra-individual changes in oxygenation which correlates
well with several other measures of cerebral oxygenation
and perfusion, when used in a number of non-surgical and
surgical settings, including cardiovascular surgery.16 – 18

During mobilization, we averaged cardiovascular data over
10 s before termination of the mobilization procedure both
in OI patients and in patients completing the mobilization
procedure. Although a different averaging period might
have altered our findings, this approach evaluates the cardio-
vascular state preceding the appearance of OI symptoms
and allows for comparisons between OT and intolerant
patients using similar averaging periods.

In conclusion, the present study found a high (42%) inci-
dence of OI during early mobilization after fast-track THA.

Table 3 Changes in cardiovascular variables and tissue oxygenation from the supine to standing position, estimated bleeding, Hb, pain scores,
and opioid use grouped by orthostatic tolerance during mobilization, 6, and 24 h after surgery. Data presented as mean (95% CI) or median
(IQR); SAP, systolic arterial pressure; DAP, diastolic arterial pressure; HR, heart rate; SV, stroke volume; CO, cardiac output; SVR, systemic vascular
resistance; SmO2 , muscle tissue oxygenation; ScO2 , frontal lobe cerebral oxygenation; VRS, verbal rating scale (0–10)

Variable 6 h after surgery 24 h after surgery

OT OI P-value OT OI P-value

Patient data

No of patients 15 11 — 21 5 —

No. (%) on antihypertensives 6 (40%) 6 (54%) 0.69 9 (43%) 3 (60%) 0.63

Age (yr) 67 (62 to 71) 62 (54 to 71) 0.27 64 (59 to 69) 69 (57 to 81) 0.34

Cardiovascular variables

DSAP (mm Hg) 3 (28 to 13) 251 (238 to 264) ,0.001 6 (22 to 14) 240 (222 to 257) ,0.001

DDAP (mm Hg) 4 (21 to 9) 216 (210 to 222) ,0.001 5 (1 to 8) 211 (23 to 219) ,0.001

DHR (beat min21) 9 (4 to 13) 6 (1 to 12) 0.51 9 (7 to 11) 12 (7 to 18) 0.26

DSV (ml) 211 (25 to 217) 228 (221 to 236) ,0.001 211 (215 to 26) 222 (212 to 232) 0.05

DCO (litre min21) 20.3 (20.9 to 0.4) 21.8 (21.1 to 22.6) ,0.01 20.1 (20.5 to 0.3) 21.1 (22.0 to 0) ,0.05

DSVR (dyn s cm25) 48 (298 to 194) 276 (2246 to 94) 0.27 115 (27 to 203) 2119 (2312 to 74) ,0.05

Tissue oxygenation

DSmO2 (%) 28 (26 to 211) 27 (24 to 210) 0.39 25 (28 to 23) 28 (213 to 23) 0.33

DScO2 (%) 24 (23 to 26) 212 (210 to 214) , 0.001 22 (23 to 0) 27 (211 to 24) ,0.01

Bleeding and Hb

Hb (g dl21) 10.8 (9.9 to 11.9) 11.4 (10.7 to 11.8) 0.28 11.2 (10.8 to 11.6) 10.6 (9.2 to 12.0) 0.18

Bleeding (ml) 457 (320 to 593) 496 (317 to 674) 0.7 488 (366 to 610) 480 (211 to 749) 0.95

Pain scores and opioids

Pain supine (VRS) 3 (2) 3 (2) 0.90 2 (3) 2 (2) 0.81

Pain standing (VRS) 3 (2) 3 (3) 0.79 3 (1) 2 (2) 0.12

Opioids (mg) 10 (10) 8 (6) 0.67 18 (12) 15 (7) 0.58
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OI was related to attenuated CO and SVR responses to stand-
ing and cerebral hypoperfusion. However, OI was not
explained by the degree of postoperative anaemia or the
amount of opioid administered in the early postoperative
period. Future studies should elucidate the mechanisms of
failed postoperative cardiovascular regulation in order to
evaluate interventions to reduce the incidence of OI after
major surgery.

Declaration of interest
None declared.

Funding
This work was supported by The Lundbeck Foundation.

References
1 Kehlet H, Wilmore DW. Evidence-based surgical care and the evo-

lution of fast-track surgery. Ann Surg 2008; 248: 189–98
2 Grubb BP. Neurocardiogenic syncope and related disorders of

orthostatic intolerance. Circulation 2005; 111: 2997–3006
3 Chung F, Mezei G. Factors contributing to a prolonged stay after

ambulatory surgery. Anesth Analg 1999; 89: 1352–9
4 Philip BK. Patients’ assessment of ambulatory anesthesia and

surgery. J Clin Anesth 1992; 4: 355–8
5 Raeder J, Gupta A, Pedersen FM. Recovery characteristics of

sevoflurane- or propofol-based anaesthesia for day-care
surgery. Acta Anaesthesiol Scand 1997; 41: 988–94

6 Bundgaard-Nielsen M, Jorgensen CC, Jorgensen TB, Ruhnau B,
Secher NH, Kehlet H. Orthostatic intolerance and the cardiovascu-
lar response to early postoperative mobilization. Br J Anaesth
2009; 102: 756–62

20

0

–20

–40DS
A

P
 (

m
m

 H
g)

DD
A

P
 (

m
m

 H
g)

DH
R

 (
be

at
s 

m
in

–1
)

DS
V

 (
m

l)

–60

0.0

0.5

–0.5

–1.0

–1.5DC
O

 (
lit

re
 m

in
–1

)

–2.0

20

10

0

–10

–20

20

15

10

5

0

–5
10

0
5

–5
–10

–20
–15

–25
–30

Rest

Pre: (n=26)
Post 24 h: OI (n=5)
Post 24 h: OT (n=21)

PLR Sit Stand Rest PLR Sit Stand

DS
V

R
 (

dy
n 

s 
cm

–5
)

DS
m

O
2 

(%
)

DS
c O

2 
(%

)

500
400
300
200

–100
0

–200
–100

–300

4
2
0

–2
–4
–6
–8

–10
–12

2

0

–2

–6

–4

–8

–10

*

*

*
#

#

*
#

*

*
#

#

#

Fig 2 Changes in cardiovascular variables before (Pre) and 24 h after surgery (Post) in orthostatic tolerant (OT) and intolerant (OI) patients
during a standardized mobilization procedure. PLR, 308 leg elevation. *P,0.05 compared with preoperative evaluation; #P,0.05 compared
with OT patients 24 h after surgery.

BJA Jans et al.

442

 by John V
ogel on M

arch 5, 2012
http://bja.oxfordjournals.org/

D
ow

nloaded from
 

http://bja.oxfordjournals.org/


7 Muller 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

8 Husted H, Holm G. Fast track in total hip and knee arthroplasty—
experiences from Hvidovre University Hospital, Denmark. Injury
2006; 37(Suppl. 5): S31–5

9 Ackerman DB, Trousdale RT, Bieber P, Henely J, Pagnano MW,
Berry DJ. Postoperative patient falls on an orthopedic inpatient
unit. J Arthroplasty 2010; 25: 10–4

10 Practice guidelines for preoperative fasting and the use of
pharmacologic agents to reduce the risk of pulmonary aspiration:
application to healthy patients undergoing elective procedures:
an updated report by the American Society of Anesthesiologists
Committee on Standards and Practice Parameters. Anesthesi-
ology 2011; 114: 495–511

11 Holte K, Kristensen BB, Valentiner L, Foss NB, Husted H, Kehlet H.
Liberal versus restrictive fluid management in knee arthroplasty:
a randomized, double-blind study. Anesth Analg 2007; 105:
465–74

12 Danish National Board of Health. Guidelines for Blood Transfusion.
Danish National Board of Health, 2007. Available from https://
www.retsinformation.dk/Forms/R0710.aspx?id=114821

13 Kerr DR, Kohan L. Local infiltration analgesia: a technique for the
control of acute postoperative pain following knee and hip
surgery: a case study of 325 patients. Acta Orthop 2008; 79:
174–83

14 Andersen L, Otte KS, Husted H, Gaarn-Larsen L, Kristensen B,
Kehlet H. High-volume infiltration analgesia in bilateral hip
arthroplasty. Acta Orthop 2011; 82: 423–6

15 Van Lieshout JJ, Wieling W, Karemaker JM, Secher NH. Syncope,
cerebral perfusion, and oxygenation. J Appl Physiol 2003; 94:
833–48

16 Madsen PL, Secher NH. Near-infrared oximetry of the brain. Prog
Neurobiol 1999; 58: 541–60

17 Rasmussen P, Dawson EA, Nybo L, Van Lieshout JJ, Secher NH,
Gjedde A. Capillary-oxygenation-level-dependent near-infrared
spectrometry in frontal lobe of humans. J Cereb Blood Flow
Metab 2007; 27: 1082–93

18 Murkin JM, Arango M. Near-infrared spectroscopy as an index of
brain and tissue oxygenation. Br J Anaesth 2009; 103(Suppl. 1):
i3–13

19 Bogert LW, Van Lieshout JJ. Non-invasive pulsatile arterial pres-
sure and stroke volume changes from the human finger. Exp
Physiol 2005; 90: 437–46

20 McNamee DA, McClelland AM, Scott S, Milligan KR, Westman L,
Gustafsson U. Spinal anaesthesia: comparison of plain

ropivacaine 5 mg ml21 with bupivacaine 5 mg ml21 for major
orthopaedic surgery. Br J Anaesth 2002; 89: 702–6

21 Consensus statement on the definition of orthostatic hypoten-
sion, pure autonomic failure, and multiple system atrophy. The
Consensus Committee of the American Autonomic Society and
the American Academy of Neurology. Neurology 1996; 46: 1470

22 Kehlet H, Soballe K. Fast-track hip and knee replacement—what
are the issues? Acta Orthop 2010; 81: 271–2

23 Madsen P, Pott F, Olsen SB, Nielsen HB, Burcev I, Secher NH. Near-
infrared spectrophotometry determined brain oxygenation
during fainting. Acta Physiol Scand 1998; 162: 501–7

24 Secher NH, Van Lieshout JJ. Dynamic cerebral autoregulation and
monitoring cerebral perfusion. Hypertension 2010; 56: 189–90

25 Van Lieshout JJ, Harms MP, Pott F, Jenstrup M, Secher NH. Stroke
volume of the heart and thoracic fluid content during head-up
and head-down tilt in humans. Acta Anaesthesiol Scand 2005;
49: 1287–92

26 Spahn DR. Anemia and patient blood management in hip and
knee surgery: a systematic review of the literature. Anesthesi-
ology 2010; 113: 482–95

27 Practice guidelines for perioperative blood transfusion and adju-
vant therapies: an updated report by the American Society of
Anesthesiologists Task Force on Perioperative Blood Transfusion
and Adjuvant Therapies. Anesthesiology 2006; 105: 198–208

28 Pedersen AB, Mehnert F, Overgaard S, Johnsen SP. Allogeneic
blood transfusion and prognosis following total hip replacement:
a population-based follow up study. BMC Musculoskelet Disord
2009; 10: 167

29 Weber EW, Slappendel R, Prins MH, van der Schaaf DB,
Durieux ME, Strumper D. Perioperative blood transfusions and
delayed wound healing after hip replacement surgery: effects
on duration of hospitalization. Anesth Analg 2005; 100:
1416–21, table

30 Tiippana EM, Hamunen K, Kontinen VK, Kalso E. Do surgical
patients benefit from perioperative gabapentin/pregabalin? A
systematic review of efficacy and safety. Anesth Analg 2007;
104: 1545–56, table

31 Mathiesen O, Moiniche S, Dahl JB. Gabapentin and postoperative
pain: a qualitative and quantitative systematic review, with focus
on procedure. BMC Anesthesiol 2007; 7: 6

32 de Wilde RB, Schreuder JJ, van den Berg PC, Jansen JR. An evalu-
ation of cardiac output by five arterial pulse contour techniques
during cardiac surgery. Anaesthesia 2007; 62: 760–8

33 Harms MP, Wesseling KH, Pott F, et al. Continuous stroke volume
monitoring by modelling flow from non-invasive measurement of
arterial pressure in humans under orthostatic stress. Clin Sci
(Lond) 1999; 97: 291–301

Orthostatic intolerance after hip arthroplasty BJA

443

 by John V
ogel on M

arch 5, 2012
http://bja.oxfordjournals.org/

D
ow

nloaded from
 

https://www.retsinformation.dk/Forms/R0710.aspx?id=114821
JohnVogel


JohnVogel


JohnVogel


JohnVogel


https://www.retsinformation.dk/Forms/R0710.aspx?id=114821
https://www.retsinformation.dk/Forms/R0710.aspx?id=114821
https://www.retsinformation.dk/Forms/R0710.aspx?id=114821
https://www.retsinformation.dk/Forms/R0710.aspx?id=114821
https://www.retsinformation.dk/Forms/R0710.aspx?id=114821
https://www.retsinformation.dk/Forms/R0710.aspx?id=114821
http://bja.oxfordjournals.org/

