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Abstract
The partial pressure of oxygen decreases as altitude increases, the preoperative chronic hypoxemia (CH) may have a plausible clinical
impact. Risk factors for postoperative serious adverse events (pSAEs) in patients living in high altitudes during primary hip arthroplasty
(HA) are not clear.
This is an observational study embracing patients from January 1, 2011 to December 31, 2015 at Yan’an Hospital of Kunming City,

a 1338-bed municipal teaching hospital of Kunming Medical University. Univariate analysis revealed that significant differences
between patients with and without preoperative CH occurred in intraoperative hypotension (77 [33%] vs 34 [47%], P= .040) and that
significant differences between patients with and without pSAEs occurred in following variables: preoperative CH (32 [57%] vs 199
[80%], P< .001), intraoperative hypotension (37 [66%] vs 74 [30%], P< .001), highest noradrenaline support (.09 [.01–.21] vs .03
[.01–.05] mg/kg/min, P< .001), higher application of general anesthesia (15 [27%] vs 29 [12%], P= .004), and lower of combined-
spinal epidural anesthesia (CSEA) (21 [37%] vs 165 [66%], P< .001). The general anesthesia and intraoperative hypotension
remained the independent risk factors for pSAEs (P< .05), while the preoperative CH presented by decreasing its risk (P< .05).
This study suggests that various intraoperative events including general anesthesia, hypotension were risk factors for the

development of pSAEs. Preoperative CH, presenting with decreased incidence of intensive care unit (ICU) admission and pSAEs,
may mimic hypoxic preconditioning in organic protection, for which further study is needed to uncover the underlying mechanisms.

Abbreviations: CI = confidence interval, CSEA = combined-spinal epidural anesthesia, HA = hip arthroplasty, ICU = intensive
care unit, OR = odds ratio, PaO2 = arterial partial of oxygen, pSAEs = postoperative serious adverse events, SpO2 = saturation of
pulse oxygenation.
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1. Introduction largely known, may have a plausible clinical impact.[3] As it
Hypobaric hypoxia occurs naturally at high altitudes, and total
atmospheric pressure decreases as altitude increases, causing a
lower partial pressure of oxygen.[1–3] The higher incidence of
chronic hypoxemia (CH) geriatric patients in high altitude is
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known, patient- and surgery-related factors have been associated
with a plausible decrease in the quality of life during hospital and
even later.[4,5] A successful hip arthroplasty (HA) can modify the
quality of postoperative life and relieve pain for patients who
suffer severe hip osteoarthritis or fracture.[6,7] HAs are performed
in a wide variety of patients, ranging from those requesting
surgery to facilitate their highly active lifestyle to those who
require surgery in order to perform the routine activities of daily
living.[4] Age, types of anesthesia, hypoxemia, anemia, and
intraoperative hypotension appear to develop the postoperative
outcomes in seniles after orthopedic surgery.[8,9] Surprizingly,
few studies have tested the associations between anesthesia,
preoperative CH, high altitude, age, perioperative treatment, and
postoperative serious adverse events (pSAEs) during HA. Herein,
with the increasing international recognition that perioperative
management approach does affect patients’ outcomes,[4,10] we
conducted a retrospective analyses of elderly patients suffering
primary HA in altitude area of Kunming, China.
The preoperative CH, adaptive response to evolution of

high altitude, may mimic the hypoxic preconditioning, which is
confirmed as organic protection including brain and heart from
laboratory studies to some clinical trials.[11–15] We hypothesized
that preoperative CH, adaptive response to high altitude, is
significantly associated with the development of pSAEs in
primary HA for elderly native patients in high altitude areas.
The audit was performed as the following aims: provide a
detailed description of all patients consecutively admitted to this
teaching hospital in the period time of HA and discharge; give the
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Table 1

Perioperative characteristics in patients with or without preopera-
tive CH.

Hypoxemia (n=231) Normoxia (n=73) P

Age, y, mean±SD 79±9 78±8 .339

Figure 1. Study flowchart.
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enhanced importance of preoperative and intraoperative char-
acteristics; and explore the association between CH and the
occurrence of pSAEs.

2. Methods

2.1. Patients and study design

The local Institutional Review Board for Clinical Investigations at
Yan’an Hospital of Kunming City approved the retrospective
cohort study. Inclusion criteria were elderly patients without
limitation of American Society of Anesthesiologists physical
status or gender, living Kunming (the altitude is about 1850m)
over 10 years, aged above 69 years undergoing elective primary
HA under anesthesia. Exclusion criteria were: cyonosis; acute
stroke; preoperative dementia; revision, resurfacing, or bilateral
procedures; and intraoperative blood loss or transfusion above
600mL, without necessary details in recordings.
We retrospectively searched this hospital paper documents for

all HA coded between January 2011 and December 2015.
We collected arterial partial of oxygen (PaO2) or saturation of

pulse oxygenation (SpO2) of patients, gender, age, preoperative
hemoglobin (Hb), American Society of Anesthesiologists physical
status, and comorbidity. Intraoperative parameters were type of
joint (cemented or not), anesthesia method of general, epidural or
combined-spinal epidural anesthesia (CSEA), duration of HA,
mean arterial pressure (MAP), vasopressor, blood loss, and
transfusion of red blood cell. Arterial blood gas was obtained
upon admission, 30minutes before anesthesia and after incision
analyzed, if needed.The postoperative variableswere intensive care
unit (ICU) admission, SAEs including pulmonary embolism,
malignant arrhythmia needing cardiologist consultation and
delirium, pLOS, and mortality before discharge. Given the clinical
determination of hypoxemia for patients with lung injuries varies,
but typical values are PaO2<60mmHg and arterial oxygenation
(pulse oximetry) <88%.[16] But in this study, the preoperative CH
was defined as the SpO2 was less than 88% or PaO2 from arterial
bloodgaswas less than60mmHg,whichwas adjusted by altitudes.
Female, n, % 140 (60.6) 47 (64.3) .563
ASA class II/III/IV, n 65/116/50 21/35/17 .253
SpO2, % 82±5 92±4 <.001

∗

PaO2, mmHg 48±5 62±5 <.001
∗

History diseases of, n, %
Pulmonary 41 (17.7) 15 (20.5) .591
Cerebral 46 (19.9) 12 (16.4) .510
CAD 35 (15.1) 10 (13.7) .761
Hypertension 142 (61.5) 46 (63.0) .813
Diabetes 27 (11.7) 7 (9.6) .620

Preoperative anemia, n, % 30 (13.0) 11 (15.1) .650
Type of cemented joint, n, % 42 (18.2) 12 (16.4) .734
Anesthesia, n, %
General 31 (13.4) 13 (17.8) .089
Epidural 53 (22.9) 21 (28.8) .312
CSEA 147 (63.6) 39 (53.4) .119

Duration of HA, min 61 (45–105) 65 (40–110) .155
Hypotension, n, % 77 (33.3) 34 (46.7) .040

∗

Vasopressor support, n, % 187 (81.0) 60 (82.2) .813
Highest, mg/kg/min .03 (.01–.06) .17 (.03–.30) <.001

∗

Blood loss, mL 372±65 357±71 .671
2.2. Statistical analysis

This is the first observational study aiming to investigate the effect
of preoperative CH on pSAEs in natives undergoing HA in high
altitude area. The data were firstly analyzed in terms of cohort
study following patients with or without preoperative CH, then
the same data were analyzed in terms of case–control study for
the patients with or without pSAEs. In view of limitation sample
size in patients included, all the episodes over 5-year period were
analyzed. The multivariate analysis with preoperative and
intraoperative variables as potential risk factors for pSAEs and
ICU admission was performed by logistic regression. In addition,
binary outcomes were analyzed by Chi-square tests. According to
the Kolmogorov–Smirnov test, a Gaussian distribution of
continuous data were tested to be conducted by t tests, or the
Mann–Whitney U tests; SPSS for Windows (Version 16.0, SPSS,
Inc., Chicago, IL) was used to perform all the analysis. A P value
less than .05 was considered to be significantly difference.
RBC transfusion, n, % 31 (13.4) 11 (15.1) .722

Continuous data were presented by mean with SD (mean±SD), noncontinuous data were presented
by number (percent) or median (interquartile range).

∗
P< .05. ASA=American Society of

Anesthesiologists, CAD=coronary artery diseases, CH= chronic hypoxemia, CSEA= combined-spinal
epidural anesthesia, HA=hip arthroplasty, n=number, PaO2=arterial partial of oxygen, RBC= red
blood cell, SD= standard deviation, SpO2= saturation of pulse oxygenation.
3. Results

From January 2011 to December 2015, a search of records 344
patients for primary HA at Yan’an Hospital of Kunming City, 40
were excluded (Fig. 1). Of the 304 patients included in this study,
56 (18%) developed SAEs before discharge. The presentation of
2

pSAEs were malignant arrhythmia, delirium, pulmonary embo-
lism, and death in 23 (41%), 20 (36%), 8 (14%), and 5 (9%),
respectively. Patients with preoperative CH received similar
percentage in type of anesthesia (P> .05) and vasopressor
support (P= .813), lower incidences of intraoperative hypoten-
sion (77 [33%] vs 34 [47%], P= .040), lower levels of SpO2 (82±
5 vs 92±4, P< .001) and PaO2 (48±5 vs 62±5, P< .001), and
less noradrenaline support (.03 [.01–.06] vs .17 [.01–.30] mg/kg/
min, P< .001). Perioperative characteristics in patients with or
without preoperative CH are given details in Table 1.



Table 2

Characteristics of patients with or without pSAEs.

With pSAEs
(n=56)

Without pSAEs
(n=248) P

Age, y, mean±SD 79±8 79±8 .739
Female, n, % 35 (62.5) 147 (60.9) .823
ASA class II/III/IV, n 16/27/13 70/124/54 .325
Preoperative CH, n, % 32 (57.1) 199 (80.2) <.001

∗

SpO2, % 90±5 84±7 <.01
∗

PaO2, mmHg 59±8 53±9 <.01
∗

History diseases of, n, %
Pulmonary 11 (19.6) 45 (18.1) .591
Cerebral 10 (17.9) 48 (19.4) .797
CAD 9 (16.1) 36 (14.5) .767
Hypertension 34 (60.7) 154 (62.1) .847
Diabetes 6 (10.7) 28 (11.2) .620

Preoperative anemia, n, % 8 (14.3) 33 (13.3) .846
Type of cemented joint, n, % 9 (16.1) 45 (18.1) .714
Anesthesia, n, %
General 15 (26.8) 29 (11.7) .004

∗

Epidural 20 (35.7) 54 (21.8) .028
∗

CSEA 21 (37.5) 165 (66.5) <.001
∗

Duration of HA, min 67 (41–107) 65 (45–101) .451
Hypotension, n, % 37 (66.1) 74 (29.8) .001

∗

Vasopressor support, n, % 46 (83.9) 200 (80.6) .570
Highest, mg/kg/min .09 (.01–.21) .03 (.01–.05) <.001

∗

Blood loss, mL 369±71 375±67 .671
RBC transfusion, n, % 8 (14.3) 34 (13.7) .910
Lowest Hb level, g/L 89 (79–112) 91 (82–121) .716

Continuous data were presented by mean with SD (mean±SD), noncontinuous data were presented
by number (percent) or median (interquartile range).

∗
P< .05. ASA=American Society of

Anesthesiologists, CAD= coronary artery diseases, CH= chronic hypoxemia, CSEA= combined-
spinal epidural anesthesia, HA=hip arthroplasty, Hb=hemoglobin, n=number, PaO2= arterial
partial of oxygen, pSAEs=postoperative serious adverse events, RBC= red blood cell, SD= standard
deviation, SpO2= saturation of pulse oxygenation.
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Characteristics of patients with or without pSAEs are given
details in Table 2. Patients with pSAEs received: lower ratios of
preoperative CH (32 [57.1%] vs 199 [80.2%], P< .001); higher
application of general (26.8% vs 11.7%, P= .004) and epidural
anesthesia (35.7% vs 21.8%, P= .028), but less utilization of
CSEA (37.5% vs 66.5%, P< .001); similar ratios of vasopressor
support (P= .570), higher incidences of intraoperative hypoten-
sion (37 [66.1%] vs 74 [29.8%], P= .001), but highest
noradrenaline support (.09 [.01–.21] vs .03 [.01–.05] mg/kg/
min, P< .001); and lower levels of SpO2 and PaO2 (P< .01).
The association of preoperative CH and outcomes following

HA are provided in Table 3. As it shown in this table,
preoperative CH decreased pSAEs by 85% with odds ratio
Table 3

Association of preoperative CH and outcomes after HA.

Preoperative CH
(n=231)

Normoxia
(n=73)

OR
(95%CI) P

ICU admission, n, % 23 (10.0) 19 (26.0) .31 (.16–.62) <.001
SAEs in total, n, % 24 (20.3) 32 (69.9) .15 (.08–.28) <.001
Malignant arrhythmia, n, % 11 (4.8) 12 (16.4) .25 (.11–.60) .001
Delirium, n, % 7 (3.0) 13 (17.8) .14 (.06–.38) <.001
PE, n 3 5 .18 (.04–.77) <.01
Mortality, n 3 2 .47 (.08–2.85) .399

pLOS, d, median (IQR) 10 (7–16) 15 (10–24) – <.05

Data were presented by median with IQR or number (percent). CI=confidence interval, CH= chronic
hypoxemia, ICU= intensive care unit, IQR= interquartile range, N=number, OR=odds ratio, PE=
pulmonary embolism, pLOS= postoperative length of stay, SAE= serious adverse event.
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(OR) of .15% and 95% confidence interval (CI) from .08 to .28
(P< .001). Patients with CH were presented with less pLOS
(10 vs 15, P< .05).
The multivariate analysis with preoperative and intraoperative

variables as potential risk factors for pSAEs was performed by
logistic regression. The general anesthesia and intraoperative
hypotension remained the independent risk factors for pSAEs
with OR of 4.08 (95%CI: 2.12–8.91) and 4.92 (95%CI:
1.91–11.29), respectively, while the preoperative CH presented
by decreasing its risk with OR= .57 (95%CI: .21–.93) (P< .05,
data were similar with those reported as before in our study[17]).
4. Discussion

In this retrospective analysis of 304 consecutive elderly patients
undergoing HA, about 14% of the geriatrics were transferred to
ICU and 18% developed pSAEs before discharge. Although
perioperative characteristics excluding hypotension were similar
between groups, elderly patients with and without CH differed
significantly in pSAEs including ICU admission, malignant
arrhythmia, delirium, and pulmonary embolism, as well as the
pLOS. With regard to intraoperative variables, general anesthe-
sia, low MAP lasting over 3minutes, and high vasopressor
requirements were significant intraoperative risk factors. Al-
though in the multivariate analysis, both general anesthesia and
intraoperative hypotension remained independent, suggesting
that general anesthesia technique and intraoperative hypotension
lasting over 3minutes are the independent risk factors for the
development of postoperative complications (ICU admission and
pSAEs) before discharge in elderly patients in high altitude.
The intraoperative hypotension increased the incidence of

pSAEs by more than 4-fold in this observational study. There is
dispute in relationship between intraoperative hypotension and
adverse outcomes after noncardiac surgery,[18,19] as it was not
reported in geriatrics in high altitude. To some extent, the MAP
values decreasing more than 30% from baseline was associated
with a higher risk of postoperative ischemic stroke.[20] And when
MAP was less than 60mmHg, patients have been reported as
suffering from acute kidney injury after noncardiac surgery.[21]

Hallqvist et al found a reduction in systolic blood pressure (SBP)
of more than 50% from baseline lasting more than 5minutes
increased the incidence of myocardial damage.[22] Therefore,
stable intraoperative blood pressure without fluctuations is likely
to be beneficial to the patient,[23] as it was confirmed in the
present retrospective observational study.
Intriguingly, preoperative CH was presented by decreasing

pSAEs. There is evidence of natural selection centered around the
hypoxia-inducible factor pathway in high-altitude-adapted
natives, but the underlying mechanisms, including the possible
role of hypoxia-signaling pathways, remain to be resolved.[24]

When it comes to anesthetic techniques, we have detected CSEA
is far superior to general anesthesia in geriatric patients with CH
undergoing HA.[17,25]

Conclusion of our previous study was similar to that of a
retrospective analysis with a large sample size published in the
Lancet.[26] Consequently, application of CSEA is popular in our
hospital.
This retrospective observational study has some weaknesses.

First, the data collected are observational. Second, with regard to
preoperative CH may mimic hypoxic preconditioning and
decrease pSAEs, of which mechanisms were not demonstrated.
Third, compared with a randomized controlled clinical trial, it is
possible that the results suffered some bias.

http://www.md-journal.com
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We conclude that intraoperative hypotension and general
anesthesia are independent predictors of a poor outcome in
geriatric patients with preoperative CH undergoing primary HA
in routine practice in high altitude area of China and that CSEA
with stable hemodynamics is feasible in this setting.Wemust now
postulate that more high-quality prospective studies are required
to confirm these findings, establish evidence-based clinical
guidelines, and unravel the underlying mechanisms.

Acknowledgments

The authors thank doctors, caregivers, and nurses who were not
in authors’ group for their help with management of those
patients. The authors also thank anonymous editors and
reviewers who were involved in dealing with this paper.

References

[1] West JB. High-altitude medicine. Am J Respir Crit Care Med
2012;186:1229–37.

[2] Levine BD. Going high with heart disease: the effect of high altitude
exposure in older individuals and patients with coronary artery disease.
High Alt Med Biol 2015;16:89–96.

[3] Kesman TJ, Lurie J, ZhouW, et al. Outcome after femoral shaft fractures
in the elderly: the effects of altitude. Bull Hosp Jt Dis 2006;63:117–22.

[4] Luger TJ, Kammerlander C, Gosch M, et al. Neuroaxial versus general
anaesthesia in geriatric patients for hip fracture surgery: does it matter?
Osteoporos Int 2010;21:S555–72.

[5] Vuille-Lessard E, Boudreault D, Girard F, et al. Postoperative anemia
does not impede functional outcome and quality of life early after hip and
knee arthroplasties. Transfusion 2012;52:261–70.

[6] Ghomrawi HM, Schackman BR, Mushlin AI. Appropriateness criteria
and elective procedures–total joint arthroplasty. N Engl J Med 2012;
367:2467–9.

[7] Pivec R, Johnson AJ, Mears SC, et al. Hip arthroplasty. Lancet
2012;380:1768–77.

[8] Spahn DR. Anemia and patient blood management in hip and knee
surgery: a systematic review of the literature. Anesthesiology 2010;113:
482–95.

[9] Wang J, Li Z, Yu Y, et al. Risk factors contributing to postoperative
delirium in geriatric patients postorthopedic surgery. Asia Pac Psychiatry
2015;7:375–82.

[10] Partridge JS, Collingridge G, Gordon AL, et al. Where are we in
perioperative medicine for older surgical patients? A UK survey of
geriatric medicine delivered services in surgery. Age Ageing 2014;
43:721–4.
4

preconditioning: from laboratory studies to clinical trials. Scand
Cardiovasc J 2016;50:355–61.

[12] Olenchock BA, Moslehi J, Baik AH, et al. EGLN1 inhibition and
rerouting of (-Ketoglutarate suffice for remote ischemic protection. Cell
2016;164:884–95.

[13] Berger MM, Macholz F, Mairbäurl H, et al. Remote ischemic
preconditioning for prevention of high-altitude diseases: fact or fiction?
J Appl Physiol 19852015;119:1143–51.

[14] Ma DK, Rothe M, Zheng S, et al. Cytochrome P450 drives a HIF-
regulated behavioral response to reoxygenation by C. elegans. Science
2013;341:554–8.

[15] Cole MA, Abd Jamil AH, Heather LC, et al. On the pivotal role of PPAR
(in adaptation of the heart to hypoxia and why fat in the diet increases
hypoxic injury. FASEB J 2016;30:2684–97.

[16] Bein T, Grasso S, Moerer O, et al. The standard of care of patients with
ARDS: ventilatory settings and rescue therapies for refractory hypox-
emia. Intensive Care Med 2016;42:699–711.

[17] Zhang FR, Zhang RQ, He L, et al. Multidisciplinary management to
decrease perioperative complications in senile patients with hypoxaemia
in high altitudes during primary hip arthroplasty: data from our cohort
study. Br J Anaesth 2016;117:830.

[18] Bijker JB, van Klei WA, Vergouwe Y, et al. Intraoperative hypotension
and 1-year mortality after noncardiac surgery. Anesthesiology 2009;111:
1217–26.

[19] Monk TG, Bronsert MR, Henderson WG, et al. Association between
intraoperative hypotension and hypertension and 30-day postoperative
mortality in noncardiac surgery. Anesthesiology 2015;123:307–19.

[20] Bijker JB, Persoon S, Peelen LM, et al. Intraoperative hypotension and
perioperative ischemic stroke after general surgery: a nested case-control
study. Anesthesiology 2012;116:658–64.

[21] Sun LY, Wijeysundera DN, Tait GA, et al. Association of intraoperative
hypotension with acute kidney injury after elective noncardiac surgery.
Anesthesiology 2015;123:515–23.

[22] Hallqvist L,Mårtensson J, Granath F, et al. Intraoperative hypotension is
associated with myocardial damage in noncardiac surgery: an observa-
tional study. Eur J Anaesthesiol 2016;33:450–6.

[23] Hirsch J, DePalma G, Tsai TT, et al. Impact of intraoperative
hypotension and blood pressure fluctuations on early postoperative
delirium after non-cardiac surgery. Br J Anaesth 2015;115:418–26.

[24] Murray AJ. Energy metabolism and the high-altitude environment. Exp
Physiol 2016;101:23–7.

[25] Zhang FR, He L, Yin JW, et al. Combined spinal-epidural anesthesia in
the senile patients with hypoxia undergoing hip arthroplasty. Medicine
Philosophy 2014;35:39–41. [in Chinese].

[26] Hunt LP, Ben-Shlomo Y, Clark EM, et al. 90-daymortality after 409,096
total hip replacements for osteoarthritis, from the national joint registry
for England and Wales: a retrospective analysis. Lancet 2013;382:
1097–104.


	Effects of preoperative chronic hypoxemia on geriatrics outcomes after hip arthroplasty
	1 Introduction
	2 Methods
	2.1 Patients and study design
	2.2 Statistical analysis

	3 Results
	4 Discussion
	Acknowledgments
	References


