ASIAN SPINE JOURNAL —

I Clinical Study Asian Spine J 2023;17(4):685-692 « https://doi.org/10.31616/2sj.2022.0296

Persistent Orthostatic Hypotension Following
Surgery for Adult Spinal Deformity: Prevalence,
Risk Factors, and Cardiovascular Evaluation

Morito Takano, Tsuyoshi Iida, Tomohiro Hikata

Department of Orthopaedic Surgery, Spine Center, Kitasato Institute Hospital, Tokyo, Japan

Study Design: Retrospective case-control study.

Purpose: To understand the prevalence of persistent orthostatic hypotension (POH), as well as its risk factors and cardiovascular pa-
thology, in patients receiving surgery for the adult spinal deformity (ASD).

Overview of Literature: Although reports of the incidence of and risk factors for POH in different spinal disorders have recently
been published, we are not aware of the comprehensive evaluation of POH following surgery for ASD.

Methods: We examined medical records from a single central database for 65 patients receiving surgical treatment for ASD. Statisti-
cal comparisons were made between patients who experienced postoperative POH and those who did not, by examining patient and
operative characteristics, such as age, sex, comorbidities, functional status, preoperative neurological function, vertebral fractures,
three-column osteotomy, total operative time, estimated blood loss, length of stay, and radiographic parameters. The determinants of
POH were assessed using multiple logistic regression.

Results: We showed that postoperative POH was a complication of ASD surgery, with a 9% incidence rate. Patients with POH were
statistically considerably more likely to require supported walkers due to partial paralysis and to have comorbidities including diabe-
tes and neurodegenerative disease (ND). Furthermore, ND was an independent risk factor for postoperative POH (odds ratio, 4.073;
95% confidence interval, 1.094-8.362; p=0.020). Moreover, perioperative evaluation of the inferior vena cava showed that patients
with postoperative POH had preoperative congestive heart failure and had hypovolemia lower postoperative diameter of the inferior
vena cava than patients without POH.

Conclusions: Postoperative POH is a potential complication of ASD surgery. The most pertinent risk factor is having an ND. Accord-
ing to our study, patients who have surgery for ASD may experience alterations in their hemodynamics.
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Introduction population [1]. Surgical treatment of ASD is related to

major complications, which can lead to deterioration of

Adult spinal deformity (ASD) is widespread; its preva- health-related quality-of-life results [2]; perioperative
lence was approximately 70% in one healthy, older adult complication rates in older patients treated for ASD range
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from 37% to 71% [3,4]. Inadequate neurological function
[5], proximal and distal junctional failure [6], and medical
consequences such as pneumonia] are examples of such
issues [7]. However, to our knowledge, there has been no
thorough evaluation of postoperative persistent orthostat-
ic hypotension (POH) among patients surgically treated
for ASD.

POH is defined as a persistent (a week or longer) de-
crease in systolic blood pressure (BP) of at least 20 mm Hg
or a decrease in diastolic BP of at least 10 mm Hg within
3 minutes of testing while standing up or on a tilt table
without noticeably low hemoglobin levels [8]. Patients
may have related symptoms in the form of orthostatic
intolerance, although such is not necessary for diagnosis.
POH is a typical postoperative phenomenon in different
surgical disciplines [9]. Among spinal diseases, POH is
related to spinal cord injury [10], cervical, dorsal heman-
gioblastomas [11], and cervical myelopathy [12]. Symp-
tomatic POH can be distressing to patients with ASD and
limit their participation in postoperative rehabilitation,
potentially delaying their recovery after surgery. This
study sought to identify the prevalence of POH following
ASD surgery, as well as its risk variables and cardiovascu-
lar pathology.

Materials and Methods
1. Participants

After obtaining the institutional review board’s approval,
all patients who had received surgery for ASD with fu-
sion at more than five levels from 2016 to 2021 were short-
listed from our institutional database. Shortlisted patients
were classified into two groups according to postoperative
POH diagnosis. Daily postural BP measures taken during
physiotherapy sessions the week after surgery are used
to diagnose POH. All patients underwent preoperative
tests for brain natriuretic peptide (BNP) concentrations,
as well as pre- and postoperative computed tomography
(CT) to determine the length of the minor axis of the infe-
rior vena cava (IVC) at the thoracolumbar level. The study
was performed following the Declaration of Helsinki and
ethical guidelines for medical and health research involv-
ing human subjects. The study protocol was approved by
the Ethics Committee and Institutional Review Board of
Kitasato Institute Hospital (approval number: 19027). All
patients gave their informed consent, knowing that they

could withdraw it by visiting the hospital website.
2. Data collection

Inpatient records were retrospectively examined for patient
characteristics, such as age, sex, body mass index (BMI),
the presence of medical comorbidities (diabetes mellitus
[DM], hypertension, ischemic heart disease, stroke, and
Parkinson’s disease [PD]), premorbid mobility status, the
presence of old vertebral fractures, and the preoperative
American Spinal Injury Association (ASIA) grade, which
reflects motor and sensory function, as previously reported
[12]. The performance of a three-column osteotomy (in-
cluding the replacement of the front vertebral body), the
number of levels fused, the length of the operation, and the
anticipated blood loss were all factors that were identified
during the study of the surgical notes. For each patient, we
collected standard, perioperative, spinopelvic alignment
parameters (the coronal curve magnitude, C7-central
sacral vertical line, pelvic incidence, pelvic tilt, lumbar lor-
dosis, sagittal vertical axis, T10-L2 thoracolumbar kypho-
sis, and T4-12 thoracic kyphosis). Perioperative changes
were calculated as the distances between the pre- and post-
operative measurements. Statistical analysis was done to
determine the importance of between-group variations in
the aforementioned parameters.

3. Statistical analysis

Statistical analysis was conducted using GraphPad Prism
ver. 9.0 (GraphPad Software, San Diego, CA, USA), and
all significance tests were two-sided with a 5% significance
level. Data normality was assessed using the Kolmogorov-
Smirnov normality test. For continuous variables, the Stu-
dent t-test (for normally distributed data) or the Mann-
Whitney U test (for skewed data) was used to measure
statistical significance. For categorical variables, the chi-
square or Fisher’s exact test was used. Multiple logistic
regression analysis was employed to determine the pre-
dictors of POH. An assessment of the goodness-of-fit was
made on the model fit. Along with the odds ratios, the
95% confidence intervals (Cls) are presented.

Results

A total of 65 consecutive patients met our inclusion cri-
teria, of whom 6 (9%) experienced POH postoperatively.
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The patients had a mean age of 73.9 years (standard
deviation=6.3 years; range, 52-85 years), and 46 (71%)
were women. No statistically significant between-group
differences were found for age; sex; BMI; the frequencies
of hypertension, ischemic heart disease, cerebrovascular
accidents, or old vertebral fractures; the number of levels
fused, the total operative time, or the predicted blood
loss (Table 1). Patients with POH were considerably more
likely to have DM (p=0.032) and neurodegenerative dis-
ease (ND) (p<0.001). Furthermore, patients using walking
aids and those with an ASIA grade D were substantially
more likely to have POH than those who did not use
walking aids (p=0.001) and those with an ASIA grade E
(p<0.001), respectively. Radiographic analysis showed no

Table 1. Baseline characteristics and clinical profile

significant differences between the two groups in terms of
ASD features before and after surgery (Table 2). Further-
more, patients with POH had a substantially longer mean
hospital stay than those without (71.2 days versus 51.8
days, p=0.030). The patients with POH may have experi-
enced secondary problems, which may have contributed
to the extended hospital stay (Table 3). They were given
amezinium metilsulfate and midodrine hydrochloride to
increase BP, and sodium chloride to retain body fluid in
the postoperative period. As a result of serious secondary
problems, they needed more invasive operations.

Multiple logistic regression analysis was used to exam-
ine the predictors (DM, ND, mobility, and ASIA grade) of
postoperative POH that had been discovered with univar-

Characteristic With OH (n=6) Without OH (n=59)
Age (yr) 74.0£24 73.9:6.6 0.935
Sex 0.817
Male 2 17
Female 4 42
Mean body mass index (kg/m’) (22.0) (23.7) 0.318
Comorbidities
Diabetes mellitus 2 4 0.032
Hypertension 2 34 0.254
Ischemic heart disease 0 1 0.748
Cerebrovascular accident 1 2 0.140
Neurodegenerative disease 3 2 <0.001
Mobility 0.001
Ambulant without aid 1 46
Wheelchair, walking stick, or frame 5 13
ASIA grade <0.001
ASIAA 0 0
ASIAB 0 0
ASIAC 0 0
ASIAD 4 4
ASIAE 2 55
0ld vertebral fracture 3 26 0.781
Three-column osteotomy 2 21 0912
Mean no. of levels fused (8.7) (8.3) 0.527
Total mean operative time (min) (433.8) (394.6) 0.328
Mean blood loss (mL) (1,556) (1,436) 0.732
Mean length of postoperative hospital stay (day) (71.2) (51.8) 0.030

Values are presented as meansstandard deviation, number of frequencies, or (mean), unless otherwise stated. Boldface indicates statistical significance (p<0.05).

OH, orthostatic hypotension; ASIA, American Spinal Injury Association.



I (W Morito Takano et al. Asian Spine J 2023;17(4):685-692

Table 2. Radiographic characteristics

Characteristic Ly b
(n=6) OH (n=59)
Preoperative
Coronal curve magnitude (°) 10.2+7.2 236+17.2 0.067
C7-CSVL (mm) 22.9+15.1 337319 0.485
Pl (°) 56.246.4 50.4:9.6 0.161
PT(°) 34.8+4.5 30.8:9.3 0.447
LL(°) 8.3£12.3 15.3+21.0 0.434
SVA (mm) 166.3t70.7 1061715  0.057
T10-L2 TLK () 30.7+24.1 271219 0.714
T4-12TK(°) 22.546.1 30.6+18.2 0292
Postoperative
Coronal curve magnitude (°) 3726 72456 0.097
C7-CSVL (mm) 11.9£10.0 18.1£13.6 0.230
PI(°) 55.5:6.6 486+11.3 0.095
PT(°) 20.0+11.2 221199 0.576
LL(°) 46.2+20.1 421£125 0.491
SVA (mm) 465520  36.4+465 0.625
T10-L2 TLK () 12.0£14.8 18.3:9.6 0.107
T4-12TK(°) 363134  37.9:108 0.585
Perioperative changes
Coronal curve magnitude (°) 6.5¢5.4 -16.4+15.1 0121
C7-CSVL (mm) -11.0¢124  -155:336 0.886
Pl (°) -0.7+36 -1.7+109 0.882
PT(°) 148117 -88+104 0.192
LL(°) 37.8+22.3 268228 0.270
SVA (mm) -119.84600  -69.7+72.8 0.113
T10-L2 TLK(°) -18.7£22.1 -8.8+18.8 0.241
T4-12TK(°) 1284138 74£152 0.409

Values are presented as meanzstandard deviation. None of the p-values are
statistically significant.

OH, orthostatic hypertension; C7-CSVL, C7—central sacral vertical line; PI, pel-
vic incidence; PT, pelvic tilt; LL, lumbar lordosis; SVA, sagittal vertical axis; TLK,
thoracolumbar kyphosis; TK, thoracic kyphosis.

iate significance testing (Table 4). After adjusting for DM,
ND, mobility level, and ASIA grade, only ND was found
to be an independent predictor of postoperative POH. In
this research, we treated five patients with ND, includ-
ing four patients with PD and one with multiple system
atrophy (MSA); two patients with PD and one with MSA
developed POH postoperatively. The chance of developing
POH was almost 4.073 times higher in patients with NDs
(95% CI, 1.094-8.362; p=0.020).

To elucidate the pathophysiology of postoperative POH,

Table 3. Secondary complications due to orthostatic hypotension

Complication With orthostatic hypotension (n=6)

Rehabilitation delay 6
Dizziness 6
Syncope 3
Bedsore 1
Implant infection 1
Inferior vena cava thrombosis 1
Acute cholecystitis 1

Values are presented as number of frequencies.

Table 4. Multiple logistic regression analyses

Variable OR (95% CI) p-value
Comorbidities

DM (-) 1

DM (+) 2.949(-0.064 0 6.741)  0.066

ND(+) 1

ND (+) 4.073(1.094108.362)  0.020
Mobility

Ambulant without aid 1

\Wheelchair, walking stick, or frame 0.733(-3535t04.828)  0.710

ASIA grade
ASIAD 2589(-0.744107.329)  0.187
ASIAE 1

Boldface indicates statistical significance (p<0.05).
OR, odds ratio; Cl, confidence interval; DM, diabetes mellitus; ND, neurodegen-
erative disease; ASIA, American Spinal Injury Association.

we compared the hemodynamic parameters of the pre-
and postoperative IVC via CT imaging. Patients with and
without POH had significantly different pre- and post-
operative minor axis of the IVC lengths (Fig. 1A-C). The
preoperative IVC in patients with postoperative POH was
considerably larger than that in patients without post-
operative POH. However, compared to patients without
POH, those with POH had considerably smaller post-
operative IVCs. Furthermore, the evaluation of the IVC
dimensions based on the operative approach revealed that
there was no significant difference in the perioperative
IVC dimensions between the only posterior approach and
the lateral and posterior approach (Table 5). We measured
the BNP content in the patients before surgery to check
for any indications of heart failure. Patients with POH and
those without had similar BNP concentrations, with no
discernible difference (Fig. 1D).
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Fig. 1. Comparisons of cardiovascular parameters. (A, B) Representative preoperative (Preop) and postoperative (Postop) computed tomographic
images of the thoracolumbar level of patients with persistent orthostatic hypertension (OH) (POH). The images reveal the remarkable postopera-
tive collapse of the inferior vena cava (IVC) (arrowhead, IVC; double-headed arrow, the length of the minor axis). (C) The length of the minor axis
of the IVC. There was a significant difference in the length of the minor axis of the IVC in patients before and after the operation (***p<0.001;
by paired ¢-test). While the preoperative IVC in patients with POH was significantly larger than that in patients without POH, the postoperative
IVC in patients with POH was significantly smaller than that in patients without POH (*p<0.05, **p<0.01; by unpaired ¢-test). (D) There was no
significant difference in the preoperative brain natriuretic peptide (BNP) concentration between patients with and those without POH (mean,

62.1 pg/mL vs. 62.7 pg/mL; p=0.237). NS, not significant.

Table 5. IVC dimensions and/or POH based on the operative approach

Lateral and posterior
approach (n=50)

Only posterior p-value

approach (n=15)

Preoperative IVC (mm) 16.16 16.96 0.344
Postoperative [VC (mm) 14.93 14.31 0.379
POH 1 5 0.999

IVC, inferior vena cava; POH, persistent orthostatic hypotension.

Discussion

Postoperative POH is a well-documented phenomenon
in patients with spinal cord injuries [13]. Illman et al. [14]
found that postural changes during physiotherapy and
mobilization induce clinically significant hypotensive epi-
sodes in 73.6% of patients, with symptoms of POH expe-
rienced by 58.9%. Furthermore, Ong et al. [12] found that
postoperative POH occurred in 11.6% of patients who
received cervical spinal surgery, with a poor preoperative

ASIA grade being a risk factor. The mechanisms underly-
ing POH in patients with the spinal disease are multi-
factorial. The sympathetic nervous system dysfunction,
reduced baroreceptor sensitivity, inactive skeletal muscle
pumps, cardiovascular deconditioning, and an altered salt
and water balance are among the physiological anomalies
that are hypothesized to be responsible for POH in these
patients [15-17].

Well-established general risk factors for POH include
age, cardiovascular diseases, and ND, such as diabetic au-
tonomic neuropathy, MSA, and PD [18-20]. According to
reports, POH affects between 9.6% and 65% of PD patients
and between 54% and 81% of MSA patients [21,22]. Inter-
estingly, Klanbut et al. [23] showed that older patients with
PD should be closely assessed for the presence of symp-
tomatic POH and advised to change positions slowly, par-
ticularly those involving a vertical orientation. Matinolli et
al. [24] reported that patients with POH also had a statisti-
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cally significantly increased postural sway when standing
than did patients without POH. According to these data,
people with ND who undergo corrective spinal surgery for
ASD have a higher risk of developing POH.

Cardiovascular assessment in the current study indi-
cated a reduction in blood flows through the IVC after
the operation, with a subsequent reduction in the cardiac
output, which may have induced POH. The collapse of the
IVC is well-known to be associated with hypotension in
women during late pregnancy [25,26] because the gravid
uterus compresses the IVC when they are in the supine
position, leading to dramatic hemodynamic changes. In
addition, certain authors reported that measurement of
the IVC diameter was very useful for the estimation of
hemodynamic changes in patients with orthostatic intol-
erance [27,28]. Although our results imply that cardiovas-
cular dysautonomia rather than mechanical compression
brought on by spinal adjustment may have contributed
to the IVC’s collapse following ASD surgery [29], further
research into these issues is necessary.

Regarding the external validity of our findings, we think
that our sample is representative of postoperative patient
populations encountered in the same clinical setting. Our
study has several drawbacks because of its retrospective
nature. First, it is well-recognized that several variables,
including the usage of medications, temperature, and the
interval since the last meal, might affect the likelihood
of POH [30]. The residual effects of these factors might
have contributed to postoperative POH in our patients.
Second, at our institution, postural BP is only assessed at
the initiation of rehabilitation. Only in situations of severe
or symptomatic POH was routine monitoring carried out.
The low frequency and delay in measurement following
surgery mean that we probably underestimated the inci-
dence of POH, particularly in asymptomatic patients with
transient or intermittent POH. Last, although our results
showed that patients with POH had longer hospital stays,
we also found that those with POH tended to use walkers
and had poorer ASIA scores. POH and low amounts of
activities of daily living may be both attributed to the lon-
ger hospital stay, rather than POH being the cause of both
the longer hospital stay and the low amounts of activities
of daily living.

This study has several limitations. First, this was not a
prospective randomized control trial but a retrospective
comparative study. Our results must be confirmed in pro-
spective research. Second, it is unclear whether any un-

common causes, such as adrenal disease and amyloidosis,
other than autonomic disturbances in diabetes and ND,
are associated with this type of orthostatic hypotension.

Conclusions

We showed that POH is a potential complication of ASD
surgery. The most pertinent risk factor thereof is having
an ND. Given the deleterious effects associated with post-
operative POH, we recommend that postural BP should
be routinely monitored in patients with NDs, for the early
intervention and effective rehabilitation of patients with
POH.
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