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Abstract 

Background  Early postoperative mobilization is essential for early functional recovery but can be inhibited by post‑
operative orthostatic intolerance (OI). Postoperative OI is common after major surgery, such as total knee arthroplasty 
(TKA). However, limited data are available after less extensive surgery, such as unicompartmental knee arthroplasty 
(UKA). We, therefore, investigated the incidence of OI as well as cardiovascular and tissue oxygenation responses dur‑
ing early mobilization after UKA.

Methods  This prospective single-centre observational study included 32 patients undergoing primary UKA. Inci‑
dence of OI and cardiovascular and tissue oxygenation responses during mobilization were evaluated preoperatively, 
at 6 and 24 h after surgery. Perioperative fluid balance, bleeding, surgery duration, postoperative hemoglobin, pain 
during mobilization and opioid usage were recorded.

Results  During mobilization at 6 h after surgery, 4 (14%, 95%CI 4–33%) patients experienced OI; however, no patients 
terminated the mobilization procedure prematurely. Dizziness and feeling of heat were the most common symp‑
toms. OI was associated with attenuated systolic and mean arterial blood pressure responses in the sitting position 
(all p < 0.05). At 24 h after surgery, 24 (75%) patients had already been discharged, including three of the four patients 
with early OI. Only five patients were available for measurements, two of whom experienced OI; one terminated 
the mobilization procedure due to intolerable symptoms. We observed no statistically significant differences in perio‑
perative fluid balance, bleeding, surgery duration, postoperative hemoglobin, pain, or opioid usage between orthos‑
tatic intolerant and tolerant patients.

Conclusions  The incidence of orthostatic intolerance after fast-track unicompartmental knee arthroplasty is low 
(~ 15%) and is associated with decreased orthostatic pressure responses. Compared to the previously described 
orthostatic intolerance incidence of ~ 40% following total knee arthroplasty, early orthostatic intolerance is uncom‑
mon after unicompartmental knee arthroplasty, suggesting a procedure-specific component.
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Background
Enhanced Recovery After Surgery (ERAS) is a stand-
ardized, multidisciplinary, patient-centred strategy 
developed to address the pathophysiological challenges 
inflicted by surgery and anaesthesia [1]. The ERAS 
approach entails early postoperative mobilization, 
which, however, can be inhibited or delayed by postop-
erative orthostatic intolerance (OI), thereby increasing 
the risk of postoperative complications, and prolonging 
the in-hospital length of stay. OI is clinically defined as 
symptoms of dizziness, nausea, blurred vision, vomit-
ing, visual disturbances, feeling of heat or pre-syncope/
syncope [2, 3].

Postoperative OI is a complex condition with multi-
factorial pathogenesis that might include surgical stress 
response, residual anaesthesia effects, postoperative 
autonomic nervous system dysfunction, hypovolemia, 
pain and opioid use [4]. The incidence of early OI is 
reported to be 40–60% across several major procedures 
[5, 6], including total hip [7] and total knee arthroplasty 
(TKA) [8]. On the contrary, minor surgical procedures 
such as superficial breast cancer surgery, have mini-
mal OI sequelae [9], suggesting that the severity of the 
inflammatory response to surgery might play an impor-
tant role in the development of OI.

Globally, knee arthroplasty is one of the most per-
formed orthopaedic procedures with a good cost-effec-
tiveness analysis. Both TKA and unicompartmental 
knee arthroplasty (UKA) are currently used to treat iso-
lated unicondylar end-stage osteoarthritis. Historically, 
the utilization of UKA has been restricted to ~ 10% of 
patients [10], but current trends are towards increasing 
utilization and improved outcomes [11]. UKA is a less 
extensive surgical procedure when compared to TKA. 
Furthermore, its benefits include less bleeding, post-
operative pain and opioid usage, shorter in-hospital 
length of stay, fewer postoperative complications and 
reduced cost [12–16]. However, minimal data exist on 
OI following UKA [17].

We hypothesized that the incidence of orthostatic 
intolerance after UKA is lower when compared to 
TKA. Consequently, the aim of the present study was 
to investigate in detail the incidence of OI during early 
mobilization in a fast-track UKA setting. Secondly, we 
wanted to describe changes in cardiovascular func-
tion and tissue oxygenation during well-defined early 
mobilization.

Methods
We conducted a prospective observational single-center 
study in a high-volume orthopedic surgery depart-
ment. Thirty-two patients undergoing medial UKA were 
enrolled in the study in the period December 2019–
November 2021, and 28 were included in the final analy-
sis. Inclusion criteria were age > 18, ability to speak and 
understand Danish, informed and written oral consent. 
Exclusion criteria were known orthostatic intolerance or 
hypotension, cognitive dysfunction, alcohol or substance 
abuse or habitual use of anxiolytic, antidepressant, or 
antipsychotic drugs.

Anesthesia, surgery and pain management
All patients received oral acetaminophen 1  g and 
celecoxib 400  mg at the ward preoperatively. Patients 
received spinal anaesthesia (10  mg hyperbaric bupiv-
acaine at L2-L4) and propofol sedation at the discretion 
of the attending anesthesiologist. Tranexamic acid 1  g, 
dicloxacillin 2  g and methylprednisolone 125  mg were 
administered IV. Cementless mobile-bearing UKA com-
ponent inserted using microplasty instruments were 
applied in all cases. Forced-air warming device (Bair-
Hugger®; Augustine Medical, Minneapolis, USA) was 
used to maintain normothermia. To cover basal and sur-
gical losses, a fixed volume regimen of 12  mL  kg−1 iso-
tonic Ringer acetate was administered during the first 
hour of surgery, followed by 6 mL kg−1 h−1 until the end 
of surgery. A tourniquet thigh pressure of 250 mmHg was 
used during the entire surgical procedure. High-volume 
infiltration analgesia with 200 mL 2 mg/mL Ropivacaine 
with 1  mg epinephrine was administered at the end of 
surgery[18].

Postoperative care
Patients could drink freely in the post-anaesthesia care 
unit (PACU) and in the surgical ward. Postoperative pain 
scores were graded on a verbal rating scale VRS (0–10). If 
they exceeded 3 at rest or 5 during mobilization, patients 
received supplemental sufentanil 5 mcg at PACU and 
peroral morphine or oxycodone 10 mg at the ward. Post-
operative pain treatment at the surgical ward included 
oral acetaminophen 1  g 6  h−1 and celecoxib 200  mg 
12  h−1. Tranexamic acid 1 gr was repeated at 3  h after 
surgery. Postoperative nausea and vomiting were treated 

Trial registration: Prospectively registered at ClinicalTrials.gov; registration number: NCT04195360, registration date: 
13.12.2019.
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with ondansetron 4 mg PO up to 3 times day−1. Muscle 
spasms, resulting in pain and discomfort, were treated 
with chlorzoxazone 250 mg PO up to 6 times day−1.

Orthostatic challenge
A standardized mobilization procedure was per-
formed ~ 1  h preoperatively and repeated at 6 and 24  h 
after surgery, defined as the time from wound closure. 
The mobilization procedure included the following: 
patient supine rest (5  min), followed by 30° passive leg 
raise (PLR) (3 min) [19, 20], supine rest (5 min), sitting on 
the edge of the bed with feet resting on the floor (3 min) 
followed by standing using a walker while the patient 
was encouraged verbally to stand on toes and shift body 
weight from one leg to the other (3 min) and finally rest 
in a supine position (5  min). The procedure was termi-
nated prematurely in any position if patients experienced 
unbearable symptoms of OI or upon a decrease of sys-
tolic arterial pressure (SAP) > 30 mmHg.

During the mobilization procedure, continuous arte-
rial blood pressure was measured non-invasively by fin-
ger cuffs applied on the second and third finger at heart 
level using LiDCO Rapid (LiDCO, London, UK). The 
PulseCO™ method is based on principles of conservation 
of mass and power (pulse power analysis) and transforms 
the arterial waveform from pressure to a volume equiva-
lent through a compliance and aortic volume correc-
tion maneuver. Autocorrelation of the volume waveform 
derives heart rate (HR) and input pulsatile volume change 
i.e. stroke volume (SV). Cardiac output (CO) is derived 
by multiplying SV by HR. Systemic vascular resistance 
(SVR) was calculated as ratio of mean arterial pressure 
(MAP) to CO. Patients with a rise in SV > 10% during 
PLR maneuver were defined to be preload dependent 
[21]. Muscle and cerebral oxygenation were recorded at 
2-s intervals using Masimo Root® near-infrared spectros-
copy (NIRS) with optodes placed on the biceps brachii 
muscle and the forehead. The Perfusion Index (PI) was 
measured using Masimo Root® Radical 7 pulse oxime-
try. Bair Hugger was not used during the hemodynamic 
measurements. Pain was graded using a VRS (0–10) for 
each body position, and patients were enquired about 
OI symptoms using a standardized questionnaire. Post-
operative consumption of rescue opioids was registered 
both 6  h prior to each mobilization procedure, as well 
as cumulated from wound closure to each mobiliza-
tion procedure to consider both the opioids’ duration of 
action and cumulated effect. Opioid usage was calculated 
as opioid equivalents for both peroral and intravenous 
administration using an online opioid-conversion calcu-
lator (pro.medicin.dk). Remaining motor blockade was 
ruled out using the modified Bromage scale [22].

Orthostatic classification
During the mobilization procedure, patients were clas-
sified as having orthostatic hypotension (OH) if they 
presented with a decrease in SAP of ≥ 20 mmHg or dias-
tolic arterial pressure (DAP) ≥ 10  mmHg during sitting 
or standing when compared with supine rest prior to 
mobilization. Patients were classified as having OI if they 
experienced dizziness, nausea, blurred vision, feeling of 
heat, pre-syncope during sitting or standing or syncope, 
regardless of blood pressure[2, 3] using a standardized 
questionnaire (Additional file  1: Table  S1). Patients not 
being able to complete the mobilization procedure due to 
unbearable OI symptoms were classified as having severe 
OI, regardless of blood pressure.

Data collection
The finger arterial pressure curve and derived cardiovas-
cular values were analyzed with LiDCOviewPro version 
1.1 software (LiDCO, London, UK). NIRS and PI curves 
were analyzed using MasimoTrace™. Each curve was vis-
ually inspected for artefacts before averaging, and such 
data were excluded. During the supine rest period, val-
ues were averaged over 5 min, while periods of PLR, sit-
ting and standing were averaged over the last 10 s before 
termination of each posture, both in patients completing 
and terminating the mobilization procedure prematurely.

Statistical analysis
All data were evaluated for normal distribution by Q-Q 
plots and histograms before analysis. Normally and non-
normally distributed continuous variables are presented 
as mean, standard deviation (SD) and median, inter-
quartile range [IQR], respectively. Categorical variables 
were reported as frequency with percentages. Differences 
in patients’ characteristics, peri- and postoperative varia-
bles between OT (orthostatic tolerant), OI, and severe OI 
patients were identified using unpaired t-test or Mann–
Whitney U-test. A mixed model analysis of variance 
(ANOVA) for repeated measures was used for compari-
son of cardiovascular variables within each test session 
and between OT, OI and severe OI patients. Statistical 
analysis was carried out in SPSS version 25 (IBM Corp., 
Troy, NY, USA). A two-sided P < 0.05 was considered sta-
tistically significant.

Sample size calculation
Previous observations on OI in TKA patients in our 
department showed an incidence of ~ 40% [8]. We 
assumed a lower OI incidence in UKA patients due to 
limited blood loss and assumed minor surgical trauma. 
To estimate an assumed absolutely reduced incidence to 
20% (relative reduction of 50%) with 95%CI of 10–40% 
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compared to major knee surgery, we needed 38 patients. 
To account for possible dropouts, we wanted to include 
42 patients. However, due to COVID 19 restrictions, we 
could only enroll 38 patients in our study.

Results
Data on patient flow and exclusion reasons are presented 
in Consort diagram in Fig. 1. Thirty-eight patients were 
enrolled in the study, of which 32 patients were included 
in the preoperative analysis, 28 patients in 6 h postopera-
tive analysis and five patients in 24 h postoperative analy-
sis (Fig. 1).

Pre- and intraoperative characteristics are presented in 
Table 1.

Orthostatic hypotension and intolerance
Thirty-two patients were mobilized prior to surgery, of 
these two patients (6%) presented with OH; however, no 
patients experienced symptoms of OI.

At 6  h postoperatively, two patients were already dis-
charged. Out of 28 patients mobilized at 6 h postopera-
tively, four (14%, 95%CI 4–33%) patients experienced OI 
symptoms, and two of these presented with concomitant 
OH. No patients experienced severe OI. Furthermore, 
two patients (7%) experienced OH without OI symptoms.

Patients assessed for 
eligibility
n = 171

Patients not eligible, n = 46*:
• Inability to speak and understand Danish, n = 11
• Previous history of orthostatic intolerance or hypotension, n = 2
• Use of anxiolytic, antidepressant or antipsychotic drugs, n = 10 
• Alcohol or substance abuse, n = 16
• Cognitive dysfunction, n = 4 
• Cardiac arrythmia, n = 10

* 7 patients met two or more criteria mentioned above
Eligible patients

n = 125

Eligible patients not enrolled in study, n = 91:
• Participation in another study, n = 2
• Refused to participate, n = 18
• Logistic reasons, n = 67

Enrolled patients
n = 38

Excluded from analysis, n = 6
• Did not receive Methylprednisolone, 125 mg, n = 1
• Conversion to general anesthesia: n = 2
• Received spinal anesthesia with Bupivacaine 12,5 mg, n = 2
• Habitual anxiolytic treatment discovered retrospectively, n = 1 Patients included in 

preoperative analysis
n = 32

Unable to include in H6 analysis, n = 4 (of 32):
• Could not participate in mobilization procedure due to: 

• Postoperative knee pain, n = 1
• Postoperative migraine, n = 1
• Discharged, n = 2Patients included in 

H6 analysis
n = 28

Unable to include in H24 analysis, n = 27 (of 32):
• Discharged, n = 24
• Logistic reasons, n = 2
• Could not participate in mobilization procedure due to: 

• Postoperative knee pain, n = 1

Patients included in 
H24 analysis

n = 5

Fig. 1  STROBE flow chart
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At 24  h after surgery, 24 (75%) patients were already 
discharged. Of the five patients available for measure-
ments, two patients (40%) experienced OI without OH. 
One patient presented with severe OI and terminated the 
mobilization procedure prematurely due to intolerable 
dizziness. This patient also experienced OI during mobi-
lization at 6 h received b-blocker treatment. No patients 
experienced isolated OH during mobilization.

Data on frequency and type of OI symptoms are pre-
sented in Table 2.

Cardiovascular responses
Data on absolute cardiovascular variables during mobili-
zation for the entire cohort prior to, at 6 and 24 h after 
surgery are presented in Additional file 2: Table S2.

Preoperatively
Data on cardiovascular responses during the mobiliza-
tion procedure prior to surgery are presented in Fig. 2. 
Six patients (19%) had a rise in SV > 10% during PLR, 

none of which presented with OI symptoms during 
mobilization.

Six hours postoperatively
Data on relative cardiovascular responses during mobi-
lization at 6  h after surgery are presented in Table  3 
and Fig. 1. When compared to OT patients, OI patients 
presented with significantly attenuated cardiovas-
cular responses in sitting position in SAP (11 (20) vs. 
− 4 [14] mmHg; p = 0.02) and MAP (15 (13) vs. 3 [17] 
mmHg; p = 0.04). Furthermore, OI patients presented 
with attenuated responses in standing position in SAP 
(13 (22) vs − 13 [] mmHg, p = 0.06), DAP (18 (15) vs. 5 
[16] mmHg; p = 0.10), MAP (17 (16) vs. − 2 [16] mmHg; 
p = 0.05) and SVR (372 (506) vs. 27 [176] dyn s cm−5; 
p = 0.10) but these did not reach statistical significance. 
There were no statistically significant differences in 
changes in tissue oxygenation and peripheral perfusion 
index values between OI and OT patients.

No patients were classified as preload dependent.

Twenty‑four hours postoperatively
Changes in cardiovascular variables during mobiliza-
tion at 24 h after surgery are presented in Table 3. There 
were no statistically significant changes in cardiovascu-
lar variables during mobilization between OT and OI 
patients (p > 0.20).

Two patients (40%) were classified as preload depend-
ent, one of which experienced OI.

Table 1  Preoperative and intraoperative characteristics

Data presented as mean (SD), median [IQR] for continuous measures or number 
{proportion} for categorical measures

Variables Mean (SD), 
median [IQR], 
No., {%}

Preoperatively (n = 32)

 Age (years) 68 (8)

 Weight (kg) 86 (19)

 Height (cm) 171 (9)

 BMI (kg m2) 29 (5)

 Patients receiving antihypertensives 18 {56}

 Patients receiving opioids 7 {22}

 Patients with DM type II 2 {6}

 Patients with cardiovascular disease 21 {66}

 Patients with ASA score I-II 30 {94}

 Patients with ASA score III 2 {6}

 Preoperative hemoglobin (mmol/L) 8.6 (0.6)

 Preoperative CRP (mmol/L) 2 (2)

 Preoperative pain in supine position (VRS) 0 [0]

 Preoperative pain in sitting position (VRS) 0 [0]

 Preoperative pain in standing position (VRS) 0 [1]

Intraoperative (n = 32)

 Surgery duration (min) 58 (8)

 Bleeding (mL) 0 [25] 

 Intraoperative fluid balance (mL) 893 (281)

 Ringer acetate (mL) 632 (211)

 Propofol (mg) 126 [263]

 Ephedrine (mg) 0 [10]

 Phenylephrine (mg) 0 [0]

 Sufentanil (microgram) 0 [10]

Table 2  Number of patients experiencing OI symptoms during 
mobilization procedure at 6 h and 24 h postoperatively

Data presented as number (proportion)

OI orthostatic intolerance

OI-symptoms No., (%)

6 h, n = 28 24 h, n = 5

Dizziness 2 (7) 1 (20)

Nausea 0 (0) 0 (0)

Vomiting 0 (0) 0 (0)

Blurred vision 0 (0) 0 (0)

Feeling of heat 2 (7) 1 (20)

Pre-syncope 0 (0) 1 (50)

Concurrence of symptoms in OI 
patients

 Single OI-symptom 3 (11) 2 (40)

 Two OI-symptoms 1 (4) 0 (0)

 Three OI-symptoms 0 (0) 0 (0)
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Patient characteristics, pre‑, intra‑ and postoperative 
variables
There were no statistically significant differences between 
OT and OI patients in gender, age, BMI, usage of habitual 

antihypertensives or opioids and ASA score.
Furthermore, differences in pre-, intra- and postop-

erative variables between OT and OI patients at 6 and 
24  h after surgery are presented in Table  4. There were 

-50

-25

0

25
Δ

S
A

P
 (m

m
H

g)
Δ

S
A

P
 (m

m
H

g)
Δ

D
A

P 
(m

m
H

g)
Δ

M
A

P
 (m

m
H

g)
Δ

H
R

 (b
ea

ts
 m

in
-1

)
Δ

S
V

 (m
L)

Δ
S

V
R

 (d
yn

 s
 c

m
-5

)
Δ

P
P

I (
%

)
Δ

S
cO

2 
(%

)

*

Δ
S

m
O

2 
(%

)

*

-20

0

20

40

-20

0

20

40

-20

-10

0

10

20

30

-60

-40

-20

0

20

Δ
C

O
 (L

 m
in

-1
)

-4

-2

0

2

-1000

0

1000

2000

-14

-10

-6

-2

2

6

-14

-8

-2

4

10

-12

-6

0

6

Pre-OT (n=32)                         H6-OT (n=24)                     H6-OI (n=4) 
Fig. 2  Changes in cardiovascular variables preoperatively (Pre) and 6 h post-surgery (H6) in orthostatic tolerant (OT) and orthostatic intolerant (OI) 
patients during a standardized mobilization procedure; All data presented as mean (SD) or median (IQR): *p ≤ 0.05 compared with OT patients at 6 h 
postoperatively



Page 7 of 11Hristovska et al. Journal of Orthopaedic Surgery and Research          (2024) 19:214 	

no statistically significant differences between OT and OI 
patients.

Logistic regression analysis showed that pain in a 
standing position (p = 0.41) and opioid usage prior to 
mobilization (p = 0.49) were not associated with OI at 6 h 
postoperatively.

Discussion
This single-center prospective observational cohort 
study’s key finding is the low incidence of early OI after 
UKA of ~ 15%, compared to previously described inci-
dence of ~ 40% after the more extensive TKA procedure 
[8]. No patients experienced severe OI preventing mobi-
lization, hence all patients completed the mobilization 
procedure. One patient experienced severe OI at 24  h 
postoperatively. OI was associated with attenuated ortho-
static responses in SAP and MAP even in sitting position, 
as shown in other procedures [7, 9].

Unicompartmental knee arthroplasty (UKA) is a com-
monly performed orthopedic procedure with generally 
accepted indications and increasing implementation [12]. 
UKA is especially interesting in the OI context as it is 
perceived to be a less extensive surgical procedure com-
pared to TKA. This is supported by observations of mini-
mal intraoperative blood loss, lower postoperative pain 
and opioid usage, less morbidity and faster postoperative 
recovery [10, 12, 14, 16]. Consequently, UKA is followed 
by a higher same-day discharge ratio compared to TKA 
[13].

The stress response to surgery entails neuroendocrine-
metabolic and inflammatory-immune mechanisms. 
Accordingly, it depends on the extent, invasiveness, and 
duration of the surgical procedure [23]. Even though 
the magnitude of the surgical stress response after UKA 
is not examined per se, less tissue is resected, and more 
anatomical structures are preserved. The low OI inci-
dence we report in the current study is in line with the 

Table 3  Changes in cardiovascular variables during sitting and standing position grouped by orthostatic tolerance during 
mobilization procedure

Data presented as mean (SD) or median [IQR]

SAP systolic arterial pressure, DAP diastolic arterial pressure, MAP mean arterial pressure, HR heart rate, SV stroke volume, CO cardiac output, SVR systemic vascular 
resistance, PP pulse pressure, PPI peripheral perfusion index, ScO2 cerebral tissue oxygenation, SmO2 muscular tissue oxygenation, OT orthostatic tolerant patients, OI 
orthostatic intolerant patients

* p < 0.05 was statistically significant

Tolerance status Pre 6 h after surgery 24 h after surgery

OT OT OI p value OT OI p value

Patients, no. (%) 32 (100) 24 (86) 4 (14) 3 (60) 2 (40)

Supine to sitting

 ∆SAP (mmHg) 4 (15) 11 (20) − 4 [14]* 0.02 2 [.] 7 [.] 0.40

 ∆DAP (mmHg) 12 (11) 16 (11) 9 [12] 0.50 14 [.] 11 [.] 1.00

 ∆MAP (mmHg) 9 (13) 15 (13) 3 [17]* 0.04 8 [.] 11 [.] 1.00

 ∆HR (beats min−1) 1 (4) 2 (5) − 2 [16] 0.64 1 [.] 0 [.] 1.00

 ∆SV (mL) − 19 (19) − 15 (16) − 14 [20] 1.00 − 30 [.] − 6 [.] 0.40

∆CO (litre min−1) − 1.2 (1.3) − 1.2 (0.9) − 1.5 [2.2] 0.78 − 1.6 [.] − 0.5 [.] 0.40

 ∆SVR (dyn s cm−5) 570 (844) 445 (458) 347 [1261] 0.83 347 [.] 556 [.] 1.00

 ∆PPI (%) − 2 (2) − 3 (2) − 3 [4] 0.97 − 3 [.] − 3 [.] 0.40

 ∆ScO2 (%) − 1 (4) 0 (2) − 1 [6] 0.66 1 [.] − 1 [.] 0.20

 ∆SmO2 (%) − 4 (4) − 3 (5) − 1 [6] 0.70 − 1 [.] − 1 [.] 1.00

Supine to standing

 ∆SAP (mmHg) 10 (19) 13 (22) − 13 [30] 0.06 4 [.] 22 [.] 0.80

∆DAP (mmHg) 15 (15) 18 (15) 5 [16] 0.10 10 [.] 14 [.] 1.00

 ∆MAP (mmHg) 14 (14) 17 (16) − 2 [16] 0.05 9 [.] 23 [.] 0.40

 ∆HR (beats min−1) 10 (10) 11 (7) 6 [21] 0.51 9 [.] 14 [.] 0.20

 ∆SV (mL) − 15 (20) − 16 (21) − 14 [36] 0.98 − 11 [.] 2 [.] 0.80

 ∆CO (litre min−1) − 0.2 (1.8) − 0.6 (2.1) − 0.2 [1.7] 0.64 − 0.1 [.] 1.6 [.] 0.80

 ∆SVR (dyn s cm−5) 501 (1132) 372 (506) 27 [176] 0.10 86 [.] 26 [.] 0.80

 ∆PPI (%) − 2 (2) − 3 (3) − 4 [9] 0.92 − 3 [.] − 6 [.] 0.20

 ∆ScO2 (%) 0 (3) − 2 (4) 0 [13] 0.52 0 [.] 0 [.] 0.80

 ∆SmO2 (%) − 5 (5) − 6 (5) − 4 [5] 0.64 − 2 [.] − 3 [.] 0.67
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scarce number of studies exploring OI after minor sur-
gical procedures. A single prospective observational 
study reported an OI incidence of 4% after superfi-
cial breast cancer surgery [9], while a recent retrospec-
tive study examining OI incidence and risk factors after 
knee arthroplasty only included eight UKA patients and 
reported OI in a single patient [17]. In contrast, numer-
ous studies have described OI incidence of 40–60% after 
major surgical procedures, such as total knee arthro-
plasty [8], total hip arthroplasty [7, 24, 25], laparoscopic 
colorectal resection [5], radical prostatectomy [6, 26], 
gastrectomies [27], laparoscopic gynecologic surgery [28] 
and various cardiothoracic procedures [28, 29]. Hence, 
the findings in the current study further contribute to 
the notion that the severity of the surgical stress response 
plays a significant role in the development of OI.

Opioids may increase parasympathetic and decrease 
sympathetic outflow, potentially resulting in depres-
sion of cardiovascular responses [30, 31]. Hence, post-
operative pain treatment with opioids may be a relevant 
contributing factor to postoperative OI, independent of 
inflammation, pain, and blood loss [32]. UKA is associ-
ated with significantly lower postoperative pain scores 

and opioid consumption compared to TKA [14]. Accord-
ingly, we found low postoperative pain scores during 
mobilization and minimal opioid postoperative usage. 
Furthermore, there were no significant differences in 
these variables between OT and OI patients.

Mild acute blood loss might contribute to OI [33], 
independently of postoperative inflammation, opioid 
usage and pain. Unsurprisingly, tourniquet-assisted 
UKA is associated with lower visible blood loss and 
smaller hemoglobin drop compared to TKA [34]. Hence, 
we observed negligible blood loss and minor hemo-
globin drop in our patients and no significant differ-
ences between OT and OI patients. We assessed preload 
dependency by PLR prior to mobilization, but there was 
no association between SV > 10% and OI symptoms onset 
during mobilization.

A recent study investigating OI after TKA reported a 
high OI incidence of 44% and 22% at 6 and 24 h, respec-
tively, whilst only 12% of patients were discharged at 
24  h [8]. In addition to the lower incidence found in 
the current UKA study, our data also show that 75% of 
UKA patients were already discharged 24  h after sur-
gery. Under the assumption that all discharged patients 

Table 4  Pre-, intra- and postoperative variables grouped by orthostatic tolerance during the mobilization procedure

Data presented as mean (SD) or median [IQR]

OT orthostatic tolerant patients, OI orthostatic intolerant patients

Tolerance status 6 h after surgery 24 h after surgery

OT OI p value OT OI p value

Patients, no. (%) 24 (86) 4 (14) 3 (60) 2 (40)

Preoperative values

 Preoperative hemoglobin (mmol/L) 8.6 (0.6) 9.1 [1.2] 0.32 8.8 [.] 8.2 [.] 0.20

 Preoperative CRP (mmol/L) 2 (2) 2 [2] 0.50 3 [.] 1 [.] 0.20

Intraoperative values

 Bleeding during surgery (mL) 0 [24] 0 [113] 0.98 0 [.] 0 [.] 0.80

 Surgery duration (min) 58 (8) 57 [18] 0.98 70 [.] 50 [.] 0.20

 Propofol (mg) 153 (176) 0 [109] 0.21 356 [.] 86 [.] 0.40

 Phenylephrine (mg) 0 [0,2] 0 [0] 0.47 0 [0] 0 [0] 1.00

 Ephedrine (mg) 0 [10] 15 [16] 0.04 0 [.] 8 [.] 1.00

Postoperative variables

 Bromage score (0–3) 0 (0) 0 [0] 1.00 0 (0) 0 [0] 1.00

 Pain in supine position (VRS 0–10) 2 [4] 3 [4] 0.87 1 [.] 4 [.] 0.80

 Pain in sitting position (VRS 0–10) 2 [4] 3 [2] 0.57 2 [.] 3 [.] 0.80

 Pain in standing position (VRS 0–10) 2 [3] 4 [3] 0.29 5 [.] 4 [.] 0.80

 Opioid equivalents 6 h prior to mobilization (mg) 0 [3] 2 [7] 0.47 0 [.] 3 [.] 0.80

 Cumulated opioid equivalents prior to mobilization (mg) 0 [3] 2 [7] 0.47 15 [.] 3 [.] 0.40

 Chlorzoxazone 4 h prior to mobilization (mg) 0 [0] 0 [186] 0.73 0 [.] 125 [.] 0.80

 Hemoglobin 6 h after surgery (mmol/L) 8.3 (0.8) 9.1 [1.5] 0.25

 CRP 6 h after surgery (mmol/L) 2 (1) 3 [2] 0.82

 Hemoglobin 24 h after surgery (mmol/L) 8.0 [.] 7.6 [.] 0.20

 CRP 24 h after surgery (mmol/L) 46 [.] 16 [.] 0.20
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were orthostatic tolerant according to discharge crite-
ria, the presumed OI incidence at 24  h in our cohort 
would only be 7%. These findings are in line with a 
recent study without OI/OH data reporting that UKA 
patients, compared with matched TKA patients, had 
a shorter median hospital length of stay and a higher 
rate of discharge on the day of surgery [13]. Increased 
in-hospital length of stay due to OI has previously been 
described in other types of major surgery, such as lapa-
roscopic colorectal resection [5], radical prostatectomy 
[26] and total hip arthroplasty [35].

We observed significantly impaired responses in SAP 
and MAP in sitting positions in orthostatic intolerant 
patients. Contrasting previous studies [6–8], the atten-
uated responses in SAP, DAP, MAP, HR and SVR in 
standing position did not reach statistical significance, 
probably due to small sample size of patients experi-
encing OI. We also did not observe significant differ-
ences in ScO2 and PPI responses between orthostatic 
tolerant and intolerant patients. These findings further 
support the notion that OI is the final common pathway 
for diverse pathophysiological pathways in heterogene-
ous populations. Finally, OI is not always accompanied 
by cardiovascular perturbances such as OH, as previ-
ously described [7, 8].

The Bromage test [22] was performed to evaluate 
residual motor blockade before mobilization, as all 
patients received spinal anaesthesia with 10 mg hyper-
baric Bupivacaine. Furthermore, all patients were able 
to be mobilized at 6 h postoperatively. Nevertheless, a 
residual vasomotor block cannot be ruled out by the 
Bromage test. However, a high incidence of postopera-
tive OI is previously described in patients undergoing 
general anaesthesia [5, 6], suggesting a different patho-
physiological pathway.

Finally, although UKA and TKA share a common 
indication, patient selection bias might occur when 
deciding on the surgical procedure[36]. Even if our 
findings are confounded by selection bias, they would 
only further support the notion of multifactorial etiol-
ogy of postoperative orthostatic intolerance, as patient-
related factors likely also contribute to its development.

This is, to the best of our knowledge, the first study 
to report in detail hemodynamic and tissue oxygena-
tion changes during early mobilization in fast-track 
patients undergoing UKA. Further strengths comprise 
standardized perioperative care protocols, includ-
ing surgery and analgesia mobilization procedure and 
symptom questionnaires. There are several limitations 
to our study. The biggest limitation is the small sample 
size, further challenged by the COVID19-restriction, 
resulting in imprecision of the incidence estimate. 
Furthermore, our study was not intended to explore 

associations of secondary outcomes nor demonstrate 
causality.

In conclusion, we describe a low incidence of early 
postoperative OI following fast-track UKA, associated to 
decreased orthostatic pressure responses.
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