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Background: Postoperative nausea and vomiting (PONV) is a common complication after total hip/knee 
arthroplasty (THA/TKA) that affects patient satisfaction and postoperative recovery. It has been reported 
that patients undergoing THA/TKA experience PONV at a frequency of 20–83%. This study investigates 
the occurrence of PONV in patients and analyzes the risk factors. 
Methods: Patients undergoing primary THA/TKA under general anesthesia from October 1, 2017, to 
May 1, 2018, were included. Data on patient-related factors were collected before THA/TKA. Anesthesia- 
and surgery-related factors were recorded postoperatively. Risk factors were analyzed using binary logistic 
regression.
Results: A stronger association of motion sickness and PONV was found at six hours after bilateral THA/
TKA [nausea: odds ratio (OR) =14.648, 3.939–54.470; vomiting: OR =8.405, 2.482–28.466]. At 6–24 hours after 
bilateral THA/TKA, patients who had a history of migraines tended to experience nausea (OR =12.589, 1.978–
80.105). Patients with lower body mass index (BMI) were more likely to experience PONV at 24–72 hours  
(nausea: OR =0.767, 0.616–0.954; vomiting: OR =0.666, 0.450–0.983) after bilateral THA/TKA. 
Conclusions: The incidence of PONV after primary bilateral THA/TKA was higher than that after 
unilateral THA/TKA. The risk factors vary at different time points after surgery, and a history of motion 
sickness is the most critical factor affecting PONV.
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Introduction

Postoperative nausea and vomiting (PONV) remain one 
of the most common anesthesia-related complications (1). 
Total hip arthroplasty (THA) and total knee arthroplasty 

(TKA) are effective methods for the treatment of end-stage 
hip and knee joint diseases, respectively, that can effectively 
relieve pain, improve joint function, and enhance the 
patients’ quality of life (2). It has been reported that patients 
undergoing THA/TKA experience PONV at a frequency of 
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20–83% (3,4). In most patients, mild PONV causes serious 
discomfort; however, in severe cases, PONV may increase 
the risk of pulmonary thromboembolism, dehydration, and 
water and electrolyte imbalance, and might also interfere 
with rehabilitation, thus increasing the patients’ burden, 
hospital stay, and medical costs, leading to poor clinical 
outcome and patient dissatisfaction after THA/TKA (5-7).  
Therefore, it is crucial to investigate the risk factors 
affecting PONV after THA/TKA. Multiple interventions 
can be used in the perioperative period to reduce the 
incidence of PONV and improve patient satisfaction.

It is currently believed that there are multiple factors 
from three aspects affecting PONV from published 
studies (8). However, there is still insufficient one study 
systematically analyzing the effects of all the multiple 
factors from three aspects of PONV. First, the first aspect is 
patient-related factors including sex, age, obesity, history of 
smoking, and history of motion sickness. Then, the second 
aspect is anesthesia-related factors, including the dosage of 
anesthetic drug and anesthesia time. Last, the third aspect 
is surgical-related factors, including operation time and 
surgical planning, including unilateral and spontaneous 
bilateral THA/TKA. In recent years, many studies have 
focused on the risk factors of PONV (9-11). However, 
most studies focused on a single factor. For example, Ukai 
et al. found that the incidence of PONV was associated 
with female sex, body mass index (BMI), and use of opioids 
through an epidural catheter (12). To our knowledge, few 
studies have evaluated the association between many factors 
and PONV after THA/TKA.

Previous studies demonstrated that bilateral TKA 
resulted in more complications than unilateral TKA and 
that patients who underwent unilateral TKA had a markedly 
lower average pain than those who underwent simultaneous 
bilateral TKA replacements on day one after surgery (13,14). 
Further, the operation time and anesthesia time were 
different between patients who underwent unilateral surgery 
and those who underwent bilateral surgery. Therefore, in 
the present study, we divided all patients into two groups 
according to unilateral or bilateral TKA/THA and analyzed 
the risk factors of PONV at different time points (0–6, 6–24, 
and 24–72 hours) postoperatively, to provide evidence that 
would help clinicians reduce the incidence of postoperative 
PONV.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5486).

Methods

Patients

Consecutive patients who underwent primary THA or 
TKA from October 1, 2017, to May 1, 2018, at our medical 
center retrospectively were investigated. The preoperative 
diagnoses included developmental dysplasia of the hip, 
aseptic femoral head necrosis, femoral neck fracture, 
osteoarthritis, rheumatoid arthritis, and others. Patients 
were undergoing revision THA or TKA, undergoing 
primary THA or TKA under neuraxial anesthesia, and 
using antiemetic drugs before surgery is excluded. Patients 
with clarified gastritis or gastric ulcer were also excluded. 
The authors did not have access to information that 
could identify individual participants during or after data 
collection. The medical data in this study has been approved 
by the Institutional Review Board (IRB) of Peking Union 
Medical College Hospital. All procedures performed in this 
study involving human participants were in accordance with 
the Declaration of Helsinki (as revised in 2013). Because of 
the retrospective nature of the research, the requirement for 
informed consent was waived.

Operations

All patients were placed in the lateral or supine position 
on a standard orthopedic table. Then, the THA and 
TKA were performed through a posterolateral approach 
and medial parapatellar approach, respectively. After 
that, the patients received general intravenous anesthesia 
during the surgery. The preoperative anesthetic drug 
includes propofol, sevoflurane, fentanyl, remifentanil, and 
rocuronium. Many measures were taken to minimize the 
blood loss, including using a tourniquet and postoperative 
pressure bandaging for TKA and using tranexamic acid and 
electric coagulation hemostasis, even peratriction during 
the surgery of both TKA and THA. The patient started 
using the erythropoietin and low molecular weight heparin 
sodium from the first day after surgery until she was 
discharged, and iron sucrose from the first day to the third 
day postoperatively. 

The postoperative analgesic drug in a venous analgesic 
pump includes morphine, remifentanil, or oxycodone, and 
saline. The analgesia pump had a background speed of  
0–4 mL/hour. Last, the total volume of the analgesia pump 
is 250 mL. The amount of oxycodone and remifentanil 
was converted to the dosage of morphine, according to the 
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Handbook of Clinical Anesthesia Procedures of the Massachusetts 
General Hospital. Cementless femoral stem (CORAIL; 
Depuy, France), acetabular shell sector (PINNACLE, 
Depuy), ceramic insert (BIOLOX, Depuy), and ceramic 
femoral head (BIOLOX, Depuy) components were used 
in patients who underwent THA to compare the dosage 
of anesthetic agents in the pump quantitively. Nonporous 
femoral component (Smith & Nephew, UK), high flexion 
articular insert (Smith & Nephew), and nonporous tibial 
baseplate (Smith & Nephew) were used in patients who 
underwent TKA. 

Preoperative examination

BMI (an index for overall obesity) was calculated as body 
weight divided by height (in square meters). All patients 
were needed to have an empty stomach 6–8 hours before 
surgery. The preoperative hemoglobin (Hb) level was 
evaluated with Bayer ADVIA 2120 (Germany). Information 
on the history of smoking, migraine, motion sickness, and 
preoperative oral glucocorticoid use was recorded.

Study definition and data collection after the operation

Obesity was defined as a BMI of ≥30 kg/m2. The 
postoperative Hb level was evaluated with Bayer ADVIA 2120 
(Germany) at 24 and 72 hours after the operation. Then, the 
patients scored their pain level on a visual analog scale (VAS) 
at 6 and 24 hours after the operation. Also, nonvomiting 
was set to 0, while vomiting was set to 1. The vomiting 
score after 72 hours was calculated as follows: 1 × vomiting 
frequency (6 hours) + 1 × vomiting frequency (6–24 hours) +  
1 × vomiting frequency (24–72 hours). The data of patients 
were analyzed at 0–6, 6–24, and 24–72 hours, respectively, 
to analyze the risk factors of PONV at different time points 
after THA/TKA.

Statistical analysis

Normally distributed continuous variables (BMI, 
preoperative Hb, Hb at 24 hours after surgery, and Hb at 
72 hours after surgery) are presented as means ± standard 
deviations and are analyzed using an independent t-test. 
Variables with a skewed distribution (age, anesthesia time, 
VAS, vomiting score, and analgesic morphine consumption) 
are presented as median (interquartile range) and are 
compared using the Mann-Whitney U-test. Categorical 

data (sex, motion sickness, migraine, history of oral 
glucocorticoid use, analgesia pump use) are presented 
as percentages and are compared using the χ2 test and 
fisher’s exact test. Binary logistic regression analyses were 
performed to calculate the odds ratios (ORs) of risk factors 
according to either nausea or vomiting, with adjustments for 
related confounding factors. All P values are two-sided, and 
P<0.05 is considered statistically significant. All statistical 
analyses were performed using SPSS 20.0 software (SPSS 
Inc., Chicago, IL, USA).

Results

Overview of patients

The study included 673 affected joints in 496 patients (176 
joints in men and 497 joints in women). Of all patients, 314 
underwent primary TKA (69 joints in men and 380 joints 
in women), and 182 patients underwent primary THA (107 
joints in men and 117 joints in women). Three hundred 
nineteen patients underwent unilateral THA/TKA, and 177 
patients underwent spontaneous bilateral THA/TKA.

After unilateral THA/TKA, the nausea frequency peaked 
at 14.73% at 6 hours, and the vomiting frequency peaked at 
7.52% at 6–24 hours (P<0.05). After bilateral THA/TKA, 
the frequency of nausea and vomiting peaked at 22.60% and 
14.69%, respectively, at 0–6 hours. The results are shown in 
Table 1 and Figure 1.

General characteristics of patients at different time points 
after THA/TKA

Four hundred ninety-six patients were grouped according 
to whether unilateral  or bilateral  THA/TKA was 
performed and whether PONV occurred at 6, 6–24, and 
24–72 hours after surgery. The basic data of patients 
within 0–6, 6–24, 24–72 hours after THA/TKA including 
the information about patients’ age, sex, BMI, Obesity, 
Smoking, Anesthesia time, Preoperative Hb, Hb after 
24 hours, Hb after 72 hours, motion sickness, migraine, 
preoperative oral glucocorticoid, VAS at 6 hours, VAS 
after 24 hours, analgesia pump, morphine consumption 
0-6 hours, morphine consumption within 24 hours, and 
morphine consumption within 72 hours were analyzed 
among which the remarkable data or differences were 
shown in Table 2. As shown in Table 2, there were more 
women in the unilateral nausea group than in the unilateral 
non-nausea group (male/female ratio: 80/192 versus 6/41, 
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P<0.05). There was a significant difference between nausea 
and non-nausea groups and between the vomiting and 
nonvomiting groups in motion sickness (all P<0.05). From 
the result of 6–24 hours, patients in the nausea group were 
younger than those in the non-nausea group and, similarly, 
patients in the vomiting group were younger than those in 
the nonvomiting group (all P<0.05) after unilateral THA/
TKA. In patients who underwent bilateral THA/TKA, the 
vomiting group had lower preoperative Hb levels than the 
nonvomiting group (all P<0.05). Patients with a migraine 
history were more likely to develop nausea (P<0.05). From 
the result of 24–72 hours, patients with a lower BMI were 
more likely to experience nausea after bilateral THA/TKA 
(P<0.05). Patients with PONV have a higher vomiting score 
(all P<0.05). Further, patients using an analgesic pump 
tended to experience PONV at 24–72 hours after unilateral 
THA/TKA.

As shown in 0–6 and 6–24 hours, there were fewer 
patients with a smoking history in the unilateral nausea group 
than in the unilateral non-nausea group (P<0.05). Patients 
with higher VAS scores tend to have nausea after bilateral 
THA/TKA (all P<0.05). The result of 6–24 and 24–72 hours 
showed that in patients who underwent bilateral THA/TKA, 
the vomiting group had lower preoperative Hb levels than 
the nonvomiting group (all P<0.05).

Binary logistic regression analysis

Our earlier findings showed many patient- and surgical-
related factors affecting PONV. Therefore, we analyze the 
risk factors of PONV after accounting for the effects of 
confounding factors at different time points after THA/
TKA. Age, obesity, and all other factors were adjusted when 
estimating the ORs with 95% confidence intervals of each 

Table 1 Incidence of PONV after unilateral or bilateral THA/TKA

Time point
Unilateral (N=319) Bilateral (N=177)

Nausea (n/%) Vomiting (n/%) Nausea (n/%) Vomiting (n/%)

0–6 hours 47/14.73% 20/6.27% 40/22.60%# 26/14.69%&

6–24 hours 46/14.42% 24/7.52% 31/17.51%$ 19/10.73%$

24–72 hours 16/5.02% 7/2.19% 11/6.21%$ 7/3.95%$

P value <0.001* 0.011* 0.001* 0.007*

*P values are significant among different time points in nausea and vomiting groups. Compared with unilateral surgery, #P=0.0273, 
&P=0.002, $P>0.05. PONV, postoperative nausea and vomiting; THA, total hip arthroplasty; TKA, total knee arthroplasty.

Figure 1 Incidence of PONV after THA/TKA. *, P<0.05, significant among different time points in nausea and vomiting groups; **, 
P<0.001, significant among different time points in nausea and vomiting groups. PONV, postoperative nausea and vomiting; THA, total hip 
arthroplasty; TKA, total knee arthroplasty.
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variable at 0–6 hours. Sex, obesity, and all other factors were 
adjusted when estimating the ORs with 95% confidence 
intervals of each variable at 6–24 hours. Sex, age, and all 
other factors were adjusted when estimating the ORs with 
95% confidence intervals of each variable at 24–72 hours. 
The results of binary logistic regression analysis are shown 
in Table 3. A stronger association of motion sickness and 
PONV was found at 0–6 hours after bilateral THA/TKA 
(nausea: OR =14.648, 3.939–54.470; vomiting: OR =8.405, 
2.482–28.466). Patients with a history of oral glucocorticoid 
use before unilateral surgery were more likely to experience 
nausea (OR =5.659, 1.381–23.193). At 6–24 hours after 
bilateral THA/TKA, patients who had a history of 
migraines tended to experience nausea (OR =12.589, 1.978–
80.105). Patients with higher VAS scores were more prone 
to experiencing nausea, with an OR of 1.283 at 6 hours 
after bilateral THA/TKA and 1.235 at 6–24 hours after 
unilateral THA/TKA. Patients with higher vomiting scores 
were more likely to experience PONV at 24–72 hours, and 
those with lower BMI were more likely to have PONV 
(nausea: OR =0.767, 0.616–0.954; vomiting: OR =0.666, 
0.450–0.983) after bilateral THA/TKA.

Discussion

To our knowledge, this is the first study to analyze the risk 
factors of PONV divided into groups according to unilateral 
or bilateral surgery at different time points (0–6, 6–24, 
and 24–72 hours) after THA/TKA in a large sample. The 
risk factors affecting PONV vary at different time points 
after the operation. Our results showed that patient factors 
primarily affect the occurrence of postoperative PONV. 

Concerning patient-related factors in the present study, 
the incidence of PONV is higher in women and non-
smokers, like that reported in previous studies (15,16). It 
is believed that smoking may be related to the activation 
of dopamine receptors, one of the pathogenic mechanisms 
of nausea and vomiting. Moreover, there are fewer female 
smokers than male smokers, which may also explain why 
women are more likely to develop PONV than men. 
Perioperative anemia is common in orthopedic patients and 
is associated with adverse clinical outcome (17). Similarly, 
in our study, patients with low preoperative Hb levels were 
more likely to develop PONV from the result in 6–24 hours 
and 24–72 hours. It is better to minimize anemia and take 
measures for blood management when planning to perform 
THA/TKA to improve patient outcomes. The confounding 
factors were adjusted to analyze the potential risk factors 

using binary logistic regression analysis. A stronger 
association of motion sickness and PONV was found at  
0–6 hours after bilateral THA/TKA. Patients with a history 
of motion sickness may have a low vomiting threshold and 
are prone to the re-occurrence of PONV. This high risk 
may be related to the abnormal sensitivity of vestibular 
function in such patients (18).

Earlier studies have found that BMI is positively 
associated with the occurrence of PONV, which may be the 
accumulation of fat-soluble anesthetics in fat tissue. After 
the anesthesia is stopped, the residual drug can still slowly 
enter the bloodstream, resulting in increased postoperative 
adverse effects. Interestingly, in our study, patients with 
lower BMI were more likely to have PONV at 24–72 hours 
after bilateral THA/TKA. Ukai et al. identified female sex, 
lower BMI, and use of opioids through an epidural catheter 
as factors likely to affect the occurrence of PONV (12). 
However, there are also results showing that increased BMI 
is not a risk factor of PONV (19). 

Concerning surgical-related factors in our study, the 
results showed that after unilateral THA/TKA, the nausea 
frequency peaked at 14.73% at 0–6 hours, and the vomiting 
frequency peaked at 7.52% at 6–24 hours. However, after 
bilateral THA/TKA, the frequency of nausea and vomiting 
peaked at 22.60% and 14.69%, respectively. The incidence 
of PONV after primary THA or TKA was higher after 
bilateral surgery than after unilateral surgery. 

Therefore, when the data was analyzed, the patients 
were grouped according to unilateral and spontaneous 
bilateral surgery. When we compare the operation times, it 
is reasonable that there is no difference between the non-
nausea and nausea groups or the nonvomiting and vomiting 
groups after unilateral or spontaneous bilateral THA/
TKA, because the entire surgical time is almost the same in 
unilateral or spontaneous bilateral THA/TKA.

PONV occurs mostly within 6 hours after surgery, 
suggesting that surgical stress or general anesthesia may 
increase the risk of PONV.

Concerning anesthesia-related factors in the present 
study, the preoperative anesthesia included propofol, 
sevoflurane, fentanyl, remifentanil, and rocuronium. 
Morphine is used for postoperative analgesia. However, 
there were no significant differences between the association 
of anesthesia time, morphine consumption, and PONV. 
These results may be related to the strict control of 
analgesics used in patients after THA/TKA at our hospital. 
Opioids can increase the sensitivity of the vestibular nervous 
system, inducing dizziness, and nausea in patients. Using 
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Table 3 The risk factors of PONV factors at 0–6, 6–24, and 24–72 hours after THA/TKA using logistic regression analysis

Items

Nausea Vomiting

Adjusted odds 
ratio

95% confidence 
interval

P value
Adjusted odds 

ratio
95% confidence 

interval
P value

0–6 hours

Unilateral

Sex 1.382 0.527–3.628 0.511 0.718 0.219–2.346 0.583

Motion sickness 4.774 2.116–10.774 <0.001 3.798 1.287–11.205 0.016

History of oral glucocorticoid use 2.591 0.944–7.110 0.362 1.631 0.361–7.367 0.525

VAS at 6 hours 1.084 0.911–1.291 0.511 0.972 0.748–1.263 0.832

Bilateral

Sex 1.250 0.353–4.426 0.729 2.291 0.411–12.768 0.344

Motion sickness 14.648 3.939–54.470 <0.001 8.405 2.482–28.466 0.001

History of oral glucocorticoid use 5.659 1.381–23.193 0.016 2.376 0.457–12.363 0.304

VAS at 6 hours 1.283 1.077–1.528 0.005 1.233 1.020–1.491 0.030

6–24 hours

Unilateral

Age 0.977 0.952–1.002 0.070 0.974 0.943–1.006 0.110

Smoking 0.160 0.018–1.392 0.097 0.281 0.030–2.614 0.264

Preoperative Hb 0.998 0.967–1.031 0.926 0.986 0.945–1.027 0.493

Hb after 24 hours 0.996 0.969–1.023 0.757 1.003 0.966–1.042 0.881

Motion sickness 1.699 0.684–4.219 0.253 1.267 0.373–4.307 0.705

Migraine 1.479 0.150–14.611 0.738 3.033 0.301–30.535 0.346

History of oral glucocorticoid use 1.991 0.704–5.632 0.194 1.098 0.265–4.556 0.898

VAS after 24 h 1.235 1.002–1.523 0.048 1.174 0.902–1.527 0.232

Bilateral

Age 0.988 0.950–1.027 0.544 0.959 0.917–1.003 0.067

Smoking 0.313 0.031–3.213 0.328 0.597 0.052–6.799 0.678

Preoperative Hb 1.011 0.969–1.054 0.624 0.967 0.922–1.015 0.181

Hb after 24 h 0.964 0.925–1.006 0.089 0.990 0.941–1.041 0.697

Motion sickness 2.897 0.775–10.831 0.114 2.558 0.583–11.233 0.213

Migraine 12.589 1.978–80.105 0.007 3.015 0.452–20.087 0.254

History of oral glucocorticoid use 2.412 0.565–10.285 0.234 1.148 0.231–5.692 0.866

VAS after 24 hours 1.261 0.949–1.676 0.109 1.128 0.804–1.584 0.485

24–72 hours

Unilateral

BMI 0.951 0.820–1.102 0.506 0.992 0.806–1.220 0.938

Analgesia pump 1.024 0.973–1.077 0.366 1.032 0.957–1.114 0.413

Vomiting score 1.571 1.187–2.078 0.002 1.270 1.048–1.541 0.015

Bilateral

BMI 0.767 0.616–0.954 0.017 0.666 0.450–0.983 0.041

Analgesia pump 0.977 0.930–1.026 0.351 0.967 0.908–1.029 0.290

Vomiting score 1.718 1.080–2.733 0.022 2.609 1.230–5.535 0.012
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opioids in analgesia pumps has the potential to cause PONV. 
Our results showed that patients using an analgesia pump 
tended to experience nausea during 24–72 hours after 
unilateral THA/TKA. However, anesthesia drugs have been 
used in the prevention of acute postoperative pain and the 
occurrence of PONV (20). However, a study showed that 
the PONV frequency was estimated to be 37% in those 
treated with systemic morphine (21). Therefore, the effect of 
anesthesia drugs on PONV still needs further exploration.

We concluded from the analysis above, more active 
prevention for PONV is needed for women, non-smokers, 
and those with a history of motion sickness. At present, 
dexamethasone is the drug of choice for prevention and 
treatment (22). A recent meta-analysis including 60 
randomized controlled trials with 6,696 subjects indicated 
a 4- to 5-mg dose regimen of systemic dexamethasone 
reduces the occurrence of PONV (23). However, in our 
study, there was no intravenous infusion of glucocorticoids, 
and patients with a history of oral glucocorticoid use who 
underwent unilateral THA/TKA were more likely to 
experience nausea. These results may be because patients 
with a history of oral glucocorticoid use may have some 
immune-related underlying conditions, and their lower 
physical ability makes them susceptible to developing 
PONV. Because PONV is a complex pathophysiological 
phenomenon involving the central and peripheral nervous 
systems, there is no single antiemetic agent that can block 
all receptors that cause nausea and vomiting. For high-risk 
patients, including those with motion sickness, multiple 
drugs should be used, including dexamethasone, 5-HT3 
receptor antagonist, and droperidol (24,25), in combination 
with nursing interventions including psychological nursing, 
preoperative gastrointestinal preparation, preoperative and 
postoperative diet, and activity guidance.

This study has several limitations. First, as this is a 
retrospective study, there may be information bias; for 
example, information on the history of motion sickness was 
self-reported by the patients. Second, some confounding 
factors were not controlled. Finally, this study only 
investigated the risk factors affecting PONV after THA/
TKA. Further studies that investigate the mechanisms that 
cause PONV are needed.
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