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Objective: Studies discussed few risk factors for specific patients, such as duration of dis-
ease; or surgical factors, such as duration and time of surgery; or C3 or C7 involvement, 
which could have led to the formation of hematomas (HTs). To investigate the incidence, 
risk factors especially the factors mentioned above, and management of postoperative HTs 
following anterior cervical decompression and fusion (ACF) for degenerative cervical dis-
eases.
Methods: Medical records of 1,150 patients who underwent ACF for degenerative cervical 
diseases at our hospital between 2013 and 2019 were identified and reviewed. Patients were 
categorized into the HT group (HT group) or normal group (no-HT group). Demographic, 
surgical and radiographic data were recorded prospectively to identify risk factors for HT.
Results: Postoperative HT was identified in 11 patients, with an incidence rate of 1.0% (11 
of 1,150). HT occurred within 24 hours postoperatively in 5 patients (45.5%), while it oc-
curred at an average of 4 days postoperatively in 6 patients (54.5%). Eight patients (72.7%) 
underwent HT evacuation; all patients were successfully treated and discharged. Smoking 
history (odds ratio [OR], 5.193; 95% confidence interval [CI], 1.058–25.493; p = 0.042), 
preoperative thrombin time (TT) value (OR, 1.643; 95% CI, 1.104–2.446; p = 0.014) and 
antiplatelet therapy (OR, 15.070; 95% CI, 2.663–85.274; p = 0.002) were independent risk 
factors for HT. Patients with postoperative HT had longer days of first-degree/intensive 
nursing (p < 0.001) and greater hospitalization costs (p = 0.038).
Conclusion: Smoking history, preoperative TT value and antiplatelet therapy were indepen-
dent risk factors for postoperative HT following ACF. High-risk patients should be closely 
monitored through the perioperative period. Postoperative HT in ACF was associated with 
longer days of first-degree/intensive nursing and more hospitalization costs.

Keywords: Anterior cervical discectomy and fusion, Anterior cervical corpectomy and fu-
sion, Risk factors, Postoperative hematoma, Reoperation 

INTRODUCTION

Anterior cervical decompression and fusion (ACF) has been 
widely adopted by orthopedic surgeons and regarded as the clas-
sical gold standard for anterior cervical surgery.1-6 These proce-

dures often achieve very good surgical results with relatively 
low rates of associated complications.7,8 Postoperative hemato-
ma (HT) is a rare complication after ACF that can lead to acute 
airway obstruction (AAO), paralysis and even life-threatening 
conditions. Therefore, postoperative HTs must be quickly iden-
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tified, and effective action should be undertaken to prevent cat-
astrophic consequences. Some large studies have shown that 
the incidence of postoperative HT ranges from 0.4% to 5.6%.9-18 
The reported incidence of AAO caused by HT ranges from 0.2 
to 1.9%.18

Because the potential consequences of this complication are 
so severe, early detection and systematic evaluation of risk fac-
tors for HT are essential. If independent risk factors for HT can 
be identified, surgeons can explain the harm of postoperative 
HT and the necessity of intratracheal intubation to specific pa-
tients before surgery, undertake preventative measures during 
surgery to prevent the occurrence of postoperative HT, and 
then particular patients who might undergo close monitoring 
and intensive care could be identified after surgery. Therefore, 
identifying risk factors for HT is critical for both patients and 
clinicians.

Although there is considerable experience with ACF in the 
literature, these studies discussed few risk factors for specific 
patients, such as duration of disease; or surgical factors, such as 
duration and time of surgery; or C3 or C7 involvement, which 
could have led to the formation of HT. A total of 1,150 patients 
who underwent ACF for degenerative cervical diseases at our 
institution were identified and reviewed to investigate the inci-
dence, risk factors, and management of postoperative HT fol-
lowing ACF.

MATERIALS AND METHODS

1. Study Population
This study was performed in the General Hospital of North-

ern Theater Command, a tertiary hospital in northeastern Chi-
na. After obtaining approval from the Ethics Board of General 
Hospital of Northern Theater Command, we retrospectively 
reviewed the medical records of patients who underwent ACF 
for cervical diseases. Informed consent was waived by the Eth-
ics Board of General Hospital of Northern Theater Command 
because this study was a retrospective, observational study and 
all of the data were anonymously collected and analyzed.

Medical records of 1,237 patients who underwent ACF at our 
hospital between January 2013 and December 2019 were iden-
tified and reviewed. The inclusion criteria included the follow-
ing: (1) patients who underwent ACF for cervical diseases and 
operations performed by one senior surgeon (LX); and (2) hos-
pitalization between January 2013 and December 2019. The ex-
clusion criteria were: (1) patients who underwent surgery for 
cervical diseases, such as infection, tumor and fracture; (2) pa-

tients who also underwent thoracic or lumbar spine surgery or 
other unrelated procedures; and (3) patients with incomplete 
data. A total of 1,150 patients were ultimately included in the 
study (Fig. 1). Patients were categorized into the HT group or 
no-HT group. The definition of postoperative HT following 
ACF in the current study was symptomatic postoperative HT 
manifested as respiratory distress, neurological injury, dyspha-
gia and other symptoms of HT which was confirmed by mag-
netic resonance imaging (MRI), color Doppler ultrasound or 
surgical evacuation. Negative pressure drainage devices (Benos 
Medical Device Co., LTD, Shandong, China) were used in each 
case in the current study throughout the study period and were 
generally removed 2–3 days after surgery.

2. Preoperative Evaluation
Demographic data, such as age, sex, smoking history, body 

mass index (BMI), duration of disease, American Society of 
Anesthesiologists (ASA) physical status (PS) classification, pre-
operative hemoglobin (Hb), hematocrit, thrombocytocrit, pre-
operative prothrombin time, international normalized ratio, 
thrombin time (TT), activated partial thromboplastin time, fi-
brinogen, and major medical comorbidities, such as diabetes, 
hypertension, pulmonary, and heart disease (arrhythmia and 
coronary heart disease), were recorded and analyzed. Antico-
agulant therapy meant a history of using low-molecular weight 
heparin and low-molecular weight heparin should be stopped 
24 hours before the operation. Antiplatelet therapy meant a his-

Fig. 1. Flowchart of the study population. ACF, anterior cervi-
cal decompression and fusion; HT, hematoma.

No-HT group 
1,139 Patients 

HT group 
11 Patients 

1,237 ACF between January 
2013 and December 2019
(812 males, 425 females)

1,150 ACF for degenerative
cervical diseases

(743 males, 407 females)

87 Patients (excluded) 
(69 males, 18 females)
Fractures: 67 cases
Tumors:   9 cases
Infection:  3 cases
Revision:   4 cases
Incomplete data:  4 cases

Hematoma or not
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tory of taking aspirin and aspirin should be stopped a week be-
fore the operation. Preoperative/postoperative systolic/diastolic 
pressures were recorded. We used computed tomography (CT) 
to determine the presence of ossification of the posterior longi-
tudinal ligament (OPLL) at the surgical level.

3. Surgical Indicators
Surgical indicators, such as the number of discs and corpec-

tomy involved, the duration and time of surgery, such as morn-
ing (08:00–11:00), noon (11:00–13:00), and afternoon (13:00–), 
C3 or C7 involvement, intraoperative blood loss (IBL), postop-
erative drainage (PB), blood transfusion (BT), length of stay, 
and hospitalization costs, were recorded and analyzed.

4. Postoperative Complications
The outcome for this study was postoperative complications 

during hospitalization. The following events were defined as 

complications: postoperative dyspnoea, cerebrospinal fluid leak-
age, postoperative HT, poor wound healing, postoperative hy-
pokalemia, postoperative atrial fibrillation, postoperative neu-
rological deterioration, deep venous thrombosis, surgical site 
infection, pneumonia, urinary tract infection, and bacteremia. 
All deaths were also considered postoperative complications.

5. Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics 

ver. 22.0 (IBM Co., Armonk, NY, USA). For counting data, the 
chi-square test or Fisher exact probability test was used. For 
measurement data, the Shapiro-Wilk method was used for the 
normality test, and Student t-test and the Mann-Whitney rank-
sum test were used for comparisons. We selected the factors 
which suggested as risk factors for postoperative HT in previ-
ous studies and factors such as duration of disease, surgical fac-
tors (duration and time of surgery) and C3 or C7 involvement 

Fig. 2. A 66-year-old man developed postoperative hematoma after C6 anterior cervical corpectomy and fusion (case No. 11). 
(A, B) Preoperative radiography findings (x-ray and computed tomography) showed a hyperplasic osteophyte at the edge of the 
vertebral body, which resulted in spinal stenosis. (C-E) Preoperative magnetic resonance imaging (MRI) findings showed spinal 
stenosis. (F-I) Muscle strength of the patient weakened 2 hours after the operation, emergency MRI was performed. Postopera-
tive MRI findings showed an epidural hematoma, and then muscle strength returned to normal after MRI examination, so the 
patient received conservative treatment including close observation, detumescence and steroids, and then the patient could walk 
normally 3 days after operation. (J) Postoperative x-ray showed the good position of internal fixation.
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Table 2. Demographic characteristics of all patients

Characteristic
Patients with IBL

χ2/z p-value
Hematoma (n = 11) No hematoma (n = 1,139)

Sex 0.010†

   Male 11 732 -
   Female 0 407
Age (yr) 51.4 ± 9.5 53.8 ± 10.6 -0.842 0.400
   < 60 9 (81.8) 773 (67.9) - 0.518†

   ≥ 60 2 (18.2) 366 (32.1)
BMI (kg/m2) 24.0 ± 2.9 24.5 ± 3.4
   < 25 7 (63.6) 674 (59.2)
   25–30 4 (36.4) 407 (35.7)
   ≥ 30 0 (0) 58 (5.1)
Duration of disease -0.538 0.590
   < 3 Months   5 (45.5) 481 (42.2) - > 0.999†

   3 Months–1 year 3 (27.3) 279 (24.5)
   1 Year–5 years 3 (27.3) 267 (23.4)
   > 5 Years  0 112 (9.8)
ASA PS classification grade 1.6 ± 0.7 1.5 ± 0.6 0.834 0.404
   I–II 10 (90.9) 1066 (93.6) - 0.520†

   III–IV 1 (9.1) 73 (6.4)
Trauma history 1 (9.1) 292 (25.6) - 0.307†

Smoking history 9 (81.8) 459 (40.3) - 0.010†

Preoperative blood index
   Hb (g/L) 149.1 ± 16.3 139.7 ± 15.3 1.745 0.081
   HCT (%) 41.1 ± 14.3 41.6 ± 4.6 1.535 0.125
   PCT (%) 0.19 ± 0.05 0.18 ± 0.04 0.419 0.675
   PT (sec) 13.2 ± 1.0 12.6 ± 1.0 1.257 0.209
   INR 1.0 ± 0.1 1.0 ± 0.1 0.819 0.413
   TT (sec) 17.8 ± 1.6 17.0 ± 1.3 1.953 0.051
   APTT (sec) 34.9 ± 2.6 34.8 ± 4.3 -0.178 0.858
   FIB (g/L) 2.9 ± 0.7 3.1 ± 0.8 -0.684 0.494
Blood pressure
   Preoperative SP   127.7 ± 24.8 133.9 ± 16.0 -0.552 0.581
   Preoperative DP 77.3 ± 15.1 81.4 ± 9.4 -2.198 0.028
   Postoperative SP 134.1 ± 21.4 129.6 ± 15.8 0.651 0.515
   Postoperative DP 77.6 ± 11.4 79.4 ± 28.7 -0.367 0.714
Major medical comorbidities
   Diabetes 3 (27.3) 152 (13.3) - 0.176†

   Pulmonary disease 1 (9.1) 25 (2.2) - 0.238†

   Hypertension 3 (27.3) 235 (20.6) - 0.707†

   Coronary heart disease 1 (9.1) 45 (4.0) - 0.363†

   Arrhythmia 1 (9.1) 88 (7.7) - 0.589†

Antiplatelet therapy 2 (18.2) 20 (1.8) - 0.017†

Anticoagulant therapy 1 (9.1) 49 (4.3) - 0.388†

Values are presented as mean ± standard deviation or number (%).
IBL, intraoperative blood loss; BMI, body mass index; ASA PS, American Society of Anesthesiologists physical status; Hb, hemoglobin; HCT, 
hematocrit; PCT, thrombocytocrit; PT, preoperative prothrombin time; INR, international normalized ratio; TT, thrombin time; APTT, acti-
vated partial thromboplastin time; FIB, fibrinogen; SP, systolic pressure; DP, diastolic pressure.
†Fisher exact test.
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which we thought could have led to the formation of HT. Uni-
variate analysis and multivariate logistic regression analysis was 
further used to analyze risk factors with a significant difference. 
A p< 0.05 was regarded to be significantly different.

RESULTS

1. Incidence and Management of Postoperative HT
A total of 1,150 patients with ACF met the inclusion criteria, 

and 11 patients (1.0%) had postoperative HT. The incidence was 
0.9% (10 of 1,150) in postoperative retropharyngeal HTs and 
0.1% (1 of 1,150) in spinal epidural HTs. The incidence of AAO 
caused by a HT was 0.7% (8 of 1,150). HT occurred within 24 
hours postoperatively in 5 patients (45.5%), while it occurred at an 

average of 4 days postoperatively in 6 patients (54.5%). Eight pa-
tients (72.7%) underwent HT evacuation, and the other 3 pa-
tients underwent conservative treatment, such as close observa-
tion, detumescence, and steroids. Among all of the patients, the 
complications were divided into cerebrospinal fluid leakage 
(2.5%, 29 of 1,150), postoperative HT (1.0%, 11 of 1,150), poor 
wound healing (1.4%, 16 of 1,150), neurological deterioration 
(0.3%, 4 of 1,150), respiratory failure (0.3%, 3 of 1,150), pneumonia 
(0.2%, 2 of 1,150), atrial fibrillation (0.2%, 2 of 1,150), infection 
(0.1%, 1 of 1,150) and hypokalemia (0.1%, 1 of 1,150). All pa-
tients were successfully treated and discharged (Table 1, Fig. 2).

2. Difference Between the HT Group and the No-HT Group
There were no significant differences in age, BMI, duration 

Table 3. Surgery-related factors, length of stay and hospitalization costs of all the patients

Characteristic
Patients with IBL

χ2/z p-value
Hematoma (n = 11) No hematoma (n = 1,139)

No. of discs involved 2.0 ± 0.9 1.9 ± 0.8 0.521 0.602

   1–2 7 (63.6) 897 (78.8) - 0.262†

   3–5 4 (36.4) 242 (21.2)

Corpectomy 0.6 ± 0.5 0.4 ± 0.5 1.688 0.091

   0 4 (36.4) 711 (62.4) - 0.115†

   1–2 7 (63.6) 428 (37.6)

Duration of operation (min) 123.7 ± 33.5 113.0 ± 35.1 1.344 0.179

   < 150 9 (81.8) 969 (85.1) - 0.674†

   ≥ 150 2 (18.2) 170 (14.9)

Time of operation

   08:00–11:00 7 (63.6) 752 (66.0) - 0.814†

   11:00–13:00 1 (9.1) 162 (14.2)

   13:00- 3 (27.3) 225 (19.8)

Intraoperative blood loss 124.5 ± 162.0 121.6 ± 155.3 -0.178 0.859

Postoperative drainage 107.2 ± 67.7 112.0 ± 116.5 0.161 0.872

Blood transfusion 0 (0) 13 (1.1) - > 0.999†

C3 involved 2 (18.2) 324 (28.4) - 0.738†

C7 involved 4 (36.4) 315 (27.7) - 0.509†

OPLL among the surgical level 2 (18.2) 75 (6.6) - 0.165†

Complications 11 (100) 53 (4.7) - < 0.001†

FN (day) 5.0 ± 1.9 3.4 ± 2.6 4.195 < 0.001

LOS (day) 15.5 ± 6.7 14.4 ± 4.9 0.228 0.820

Cost (*104 RMB) 8.2 ± 1.6 7.2 ± 1.6 2.070 0.038

Values are presented as mean ± standard deviation or number (%).
IBL, intraoperative blood loss; OPLL, ossification of the posterior longitudinal ligament; FN, first-degree/intensive nursing; LOS, length of 
stay; RMB, ren min bi.
†Fisher exact test.
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of disease, ASA PS classification, trauma history, preoperative 
coagulation indices, blood pressure, or history of most major 
medical comorbidities between the 2 groups (Table 2). There 
were no significant differences in the number of discs and cor-
pectomy involved, duration of operation, time of operation, IBL, 
PB, BT, C3 involvement, C7 involvement or OPLL at the surgi-
cal level (Table 3).

Patients in the HT group presented with a significantly high-
er frequency of male sex (p= 0.01), smoking history (p= 0.01), 
and antiplatelet therapy (p= 0.017), a significantly lower preop-
erative diastolic pressure (p= 0.028) compared with those in the 
no-HT group (Table 2). Patients with postoperative HT had a 
higher frequency of complications (p < 0.001), longer days of 
first-degree/intensive nursing (p< 0.001) and higher hospital-
ization costs (p= 0.038) (Table 3).

3. Risk Factor Analysis
Univariate analysis showed that smoking history (odds ratio 

[OR], 6.667; 95% confidence interval [CI], 1.434–30.996; p =  
0.016), preoperative Hb (OR, 1.046; 95% CI, 1.002–1.093; p=  
0.042), preoperative TT (OR, 1.520; 95% CI, 1.0456–2.210; p=  
0.028), and antiplatelet therapy (OR, 12.433; 95% CI, 2.524–
61.257; p= 0.002) were risk factors for HT.

Our multivariate logistic regression analysis revealed that smok-
ing history (odds ratio [OR], 5.193; 95% confidence interval 
[CI], 1.058–25.493; p= 0.042), preoperative TT value (OR, 1.643; 
95% CI, 1.104–2.446; p= 0.014), and antiplatelet therapy (OR, 
15.070; 95% CI, 2.663–85.274; p= 0.002) remained significant 
predictors of HT (Table 4).

DISCUSSION

1. Incidence and Risk Factors for Postoperative HT
Postoperative HT after ACF is a rare but potentially catastroph-

ic complication. Some large studies have shown that the inci-
dence of postoperative HT ranges from 0.4% to 5.6%.9-18 The 
reported incidence of AAO caused by an HT ranges from 0.2% 

to 1.9%.18 In the largest single-surgeon series of ACF operations, 
we reviewed 1,150 patients and found that 11 patients (1.0%) 
had postoperative HT, which was consistent with previous re-
ports.9-18 However, these studies discussed few risk factors for 
specific patients, such as duration of disease; or surgical factors, 
such as duration and time of surgery; or C3 or C7 involvement, 
which could have led to the formation of HTs. In the current 
study, duration of disease was divided into less than 3 months, 
3 months–1 year, 1 year–5 years, and over 5 years, duration of 
operation was divided into < 150 minutes and ≥ 150 minutes, 
time of operation was divided into morning (08:00–11:00), noon 
(11:00–13:00), and afternoon (13:00–), 2 specific cervical spines 
are mentioned such as C3 and C7.

Risk factors for postoperative HTs included male sex, age old-
er than 65, smoking, higher/lower BMI, anemia, more medical 
comorbidities, the presence of diffuse idiopathic skeletal hyper-
ostosis, OPLL, therapeutic heparin levels, ASA PS classification 
grades of III or greater, longer operative times, multiple surgical 
levels, and increased IBL.11-14,19 A total of 37,261 anterior cervi-
cal discectomy and fusion patients were identified, of whom 
148 (0.40%) developed a HT requiring reoperation.11 Risk fac-
tors for the development of HT requiring reoperation were mul-
tilevel procedures, a preoperative international normalized ratio 
> 1.2, lower BMI, ASA PS classification grades of III or greater, 
preoperative anemia, and male sex.11 There were no significant 
differences between the HT group and the no-HT group in the 
distributions of duration of disease, duration of operation, time 
of operation, C3 or C7 involvement. Therefore, we speculated 
that the duration of disease and operation has little influence 
on the occurrence of postoperative HT. No matter at what time 
stage (morning, noon, or afternoon) of the operation, the sur-
geon can complete the operation conscientiously, and does not 
affect the occurrence of postoperative HT. Different anterior 
cervical surgery segment, especially C3 or C7 exposure didn’t 
affect the occurrence of postoperative HT.

In the current study, risk factors for the development of such 
HTs included smoking history, preoperative TT value and anti-

Table 4. Univariate analysis and multivariate logistic regression analysis of the risk factors for hematoma

Characteristic
Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Smoking history 6.667 (1.434–30.996) 0.016 5.193 (1.058–25.493) 0.042

Preoperative Hb 1.046 (1.002–1.093) 0.042 1.032 (0.986–1.080) 0.175

Preoperative TT 1.520 (1.0456–2.210) 0.028 1.643 (1.104–2.446) 0.014

OR, odds ratio; CI, confidence interval; Hb, hemoglobin; TT, thrombin time.
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platelet therapy. We routinely assayed the TT as part of a coagu-
lation screen for the preoperative patients. Based on the results 
obtained from this paper, we recommend preoperative TT mea-
surements for patients undergoing ACF. We found that 18.2% 
of patients in the HT group and 1.8% of patients in the non-HT 
group had received preoperative antiplatelet therapy in our study, 
and antiplatelet therapy was an independent risk factor for HT. 
Because the p-value of gender was 0.010 by Fisher exact proba-
bility test in Table 2, we speculated male gender was enough a 
risk factor for postoperative HT. We speculated the reason why 
gender was omitted was because gender did not result in a risk 
factor for HT by univariate and multivariate analysis by the stati-
cal problem due to the zero count cell (female with HT) for a 
2× 2 contingency table. These identified risk factors could help 
surgeons and nurses to plan treatment and case lists. For exam-
ple, patients at risk for developing HT should be given focused 
attention to maximize the length of postoperative observation. 
Postoperative HT in the ACF was associated with a higher fre-
quency of complications, longer days of first-degree/intensive 
nursing and greater hospitalization costs. These findings are es-
pecially important for patient postoperative management and 
counselling.

2. Time of Presentation of the HT
It is interesting to discuss the timing of HT in our study. HTs 

are generally considered to occur mainly within the first few 
hours after surgery. There were 17 occurrences (0.7%) of post-
operative HT in 2,375 ACF procedures. HT occurred within 24 
hours postoperatively in 11 patients (65%), while it occurred at 
an average of 6 days postoperatively in 6 patients (35%).12 In a 
series of AAOs following anterior cervical corpectomy and fu-
sion, 1.15% of patients (9 of 785) developed postoperative HTs. 
Of these cases, 66.7% (6 of 9) occurred within 24 hours of sur-
gery, while 33.3% (3 of 9) presented at an average of 72 hours 
postoperatively.20 A previous study showed that 37% of HTs re-
quiring reoperation occurred after discharge from the hospi-
tal.11 This finding suggests that surgeons should have height-
ened awareness of this complication throughout the entire 30-
day postoperative period and not only during hospitalization.11

The definition of postoperative HT following ACF in the cur-
rent study was symptomatic postoperative HT manifested as 
respiratory distress, neurological injury, dysphagia and other 
symptoms of HT which was confirmed by MRI, color Doppler 
ultrasound or surgical evacuation. In the current study, 1 pa-
tient with postoperative muscle strength weakened was diag-
nosed postoperative HT through MRI, 2 patients were diag-

nosed through color Doppler ultrasound, and other patients 
underwent emergency exploratory operation and HT evacua-
tion because of respiratory distress. There is a specific type of 
HT called postoperative delayed HT, which is defined by the 
progression of neurological deterioration because HTs are ob-
served after more than 3 days. Sokolowski et al.21 reported a 
case with symptom onset 13 days after the initial surgery. In the 
current study, HT occurred within 24 hours postoperatively in 
5 patients (45.5%), others occurred at an average of 3 days post-
operatively in the 6 patients (54.5%), and 4 patients (36.4%) 
presented with delayed HT. Although HTs were more common 
in the acute postoperative period in previous studies, the oc-
currence of HTs should be considered for at least 2 weeks after 
surgery.

Drains were used in each case in the current study through-
out the study period and were generally removed 2–3 days after 
surgery. It is important to note that the placement of drains did 
not prevent postoperative HT.14 In the current study, drains were 
in place at the time of HT formation in 63.6% (7 of 11) of pa-
tients, and the HT formed shortly (several hours) after drain 
removal in 9.1% (1 of 11) of patients. Although a HT can form 
before the drain is removed, it should be noted that removal of 
the drain could damage vessels or the muscle bed and contrib-
ute to HT formation.12 Therefore, we recommend close moni-
toring of the patient’s vital signs, especially breathing, for several 
hours after the drain is removed.

3. Causes of HTs
Some researchers have noted that vascular injury and intra-

muscular bleeding are the main causes of HT.18,22-25 Incorrect 
and insufficient hemostasis of the vessels has been identified as 
one of the main causes of postoperative HT. There have been 
some reports of dyspnoea being caused by delayed bleeding as-
sociated with arterial aneurysms and venous thrombosis.22,26 In 
a previous study, surgeons were able to identify a discrete source 
of bleeding upon secondary surgery in up to 75% of cases in 
some series.21 In the current study, the rate was 62.5%, and we 
found vessel injury in 5 patients (internal opening of the drain-
age tube in 3 patients and longus cervicalis in 2 patients) upon 
the secondary operation. We also found that HT could develop 
without any injury to specific vessels in 3 patients (blood ooz-
ing from the lateral wall muscle surface).

Bleeding from exposed cancellous bone after removing ven-
tral osteophytes and dorsal intraspinal canal osteophytes of the 
spine as well as the site of distractor pin should be taken serious-
ly during operation, we can use bone wax and gelatin sponge to 
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effectively control severe bleeding from exposed cancellous bone 
during operation. Previous studies have shown that the pres-
ence of OPLL was a significant risk factor for HT.10,12,13 Patients 
with OPLL usually require extensive osteophyte resection, which 
can result in greater exposure of cancellous bone, leading to HT 
formation. Vascular injury occurs during or after surgery and 
can result in additional bleeding. Therefore, strategies to reduce 
the incidence of postoperative HT must address multiple po-
tential areas of hemorrhage, including blood vessels, muscles, 
and exposed cancellous bone. Effective hemostasis and avoid-
ance of excessive intraoperative traction are important for all 
patients.

4. Management of Postoperative HT
The incidence of AAO reported in previous studies ranged 

from 0.2% to 1.9%.18 Eight patients (0.7%) presented with AAO 
caused by HT in the current study. An effective and timely treat-
ment is required to obtain a better therapeutic effect and prog-
nosis of HT-related AAO. The patient’s respiratory status can be 
assessed by carefully evaluating the condition of the neck and 
the patient’s behavior.15 The behavior of patients with controlled 
dyspnoea or impaired breathing must be closely evaluated. Spe-
cifically, spontaneous relief of dyspnoea is impossible when the 
patient is anxious. Therefore, it is very important to send anx-
ious patients to the operating room immediately to remove the 
HT, find the cause of bleeding and adopt appropriate hemostat-
ic methods. Patients without fear or anxiety can be treated with 
oxygen and be closely observed. However, if the patient’s condi-
tion deteriorates, the HT should be removed.15,18

Postoperative respiratory difficulty caused by AAO after ACF 
is very risky situation because the intratracheal intubation is 
very difficult. When postoperative respiratory difficulty hap-
pens, the first step is to open the incision and relieve the pres-
sure of HT on airway. At the same time, high-flow oxygen in-
halation increases the patient's oxygen reserve, to create the con-
ditions for intubation. If the patient cooperates calmly, intuba-
tion may be performed while the patient is awake. Under the 
condition of adequate preparation, the vast majority of patients 
can be quickly induced and successfully intubated with visual 
laryngoscope.

According to our experience, postoperative oedema mostly 
causes eating difficulties and will not cause AAO. Most patients 
with AAO experience postoperative HT rather than oedema. 
In the current study, 8 patients presented with swelling of the 
incision site and respiratory distress, fear and anxiety, so we chose 
HT evacuation. The preoperative symptoms of all patients re-

solved immediately or within hours of HT evacuation. Conser-
vative management with steroid treatment was initiated before 
neurosurgical decompression, resulting in improved neurologic 
outcomes for patients presenting with mild neurological deteri-
oration.27,28 We examined 3 cases with conservative treatment, 
one of which received steroid therapy because his muscle strength 
weakened temporarily, and it returned to normal approximately 
30 minutes later.

Our study has several limitations. First, the retrospective na-
ture of the study can affect the accuracy. Second, factors such as 
Pack-years for smoking, spinal degeneration, alignment and 
bone fragility were not discussed in the current study. We will 
pay much attention to these factors in future prospective stud-
ies. Third, the associations between the HT and hemostatic ma-
terials were not discussed. We have used bone wax to stop the 
bleeding from exposed cancellous bone, used gelatin sponge 
and surgical hemostatic gauze to stop the bleeding from the 
surface of dura, and all the ACF operations were performed by 
one senior surgeon (LX), so we were able to rule out the bias 
caused by the different hemostatic methods and procedures of 
different surgeons. Forth, the results might have been affected 
by the relatively limited sample size and nonrandomized de-
sign. A multicentre, prospective study with a more detailed as-
sessment of risk factors might be needed.

CONCLUSION

Smoking history, preoperative TT value and antiplatelet ther-
apy were significant risk factors for postoperative HT following 
ACF. Postoperative HT in ACF was associated with longer days 
of first-degree/intensive nursing and greater hospitalization costs. 
Although HT occurring in the acute postoperative period can 
be detected and handled in a timely manner, we believe that 
HT might be a possible cause of airway obstruction even after 
the acute postoperative period because 54.5% of postoperative 
HTs occurred in a delayed fashion.
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