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Cardiac Arrest from Patient Position Change after 
Spine Surgery on a Jackson Table

The Jackson table has minimal effects on cardiac function because it does not elevate ab-
dominal and thoracic pressures. In addition, it decreases venous congestion and increases ex-
posure of the surgical field. However, the hips and knees are flexed with inappropriate pad-
ding, and venostasis is promoted and increased. Pulmonary thromboembolism (PTE) is fatal; 
thus immediate diagnosis and treatment are essential. However, clinical signs of intraopera-
tive PTE are difficult to discern. Thrombolytic therapy can be considered as first-line therapy, 
but bleeding limits its use. The authors report a case of PTE resulting from patient positional 
change after spine surgery, and the use of immediate postoperative recombinant tissue-type 
plasminogen activator.
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Pulmonary thromboembolism (PTE) presents with various clinical symptoms such as dys-

pnea, hypoventilation, tachycardia, and hypotension. Morbidity is very high, and immediate 

diagnosis and treatment are needed, but clinical signs of intraoperative PTE are difficult to 

discern [1]. Deep vein thrombosis (DVT) is the most common cause of PTE [2], especially in 

patients in the prone position during spine surgery, a condition during which venous return 

is decreased and venous flow from the lower extremities is slow. With the use of the Jackson 

table, inappropriate positioning exacerbates this effect. Thrombolytic therapy can be consid-

ered as a first-line therapy for diagnosis of massive PTE during surgery or postoperatively, but 

complications such as intracranial bleeding limit its use [3]. The authors report a case of life-

threatening PTE occurring during position change after spine surgery that was successfully 

treated with thrombolytic agents.

CASE REPORT

A 62-year-old woman (height, 150.4 cm; weight, 71.1 kg; body mass index [BMI], 31.4 kg/m2) 

was scheduled to undergo L4–L5–S1 posterior fusion for L5–S1 spondylolisthesis. Past medi-

cal history and preoperative evaluations (electrocardiography [ECG], chest radiography, con-

ventional laboratory exams) were nonspecific. Preoperational echocardiography was not 

performed. The patient’s pain was limited to her back and left leg without restrictions in nor-

mal daily activities. Vital signs upon entering the operating room (ECG, pulse, oxygen satura-

tion, bispectral index [BIS] monitoring, and noninvasive blood pressure) were within normal 
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limits. Anesthesia was maintained with desflurane and remi-

fentanil while BIS scores were maintained between 40 and 60. 

The right radial artery and right internal jugular vein were ac-

cessed for invasive blood monitoring and central venous pres-

sure monitoring, respectively. The patient was placed in the 

prone position on the Jackson table. With this positioning, to 

maintain the spine in a kyphotic position, the hip and knee 

joints were slightly flexed (Figure 1). The duration of the oper-

ation was 6 hours, without any specific events. The total amount 

of crystalloid infused was 3,800 ml, and urine output was 300 

ml. Blood loss was limited.

  After surgery, the patient was rotated to the supine position 

on a gurney, at which point heart rate (HR) dropped to 43 

beats/min, and systolic blood pressure (SBP) was measured 

at 50 mmHg. Oxygen saturation remained 100%. Considering 

this decreases transitory decreases resulting from position 

change, ephedrine 10 mg and atropine 0.5 mg were sequen-

tially administered, but these were ineffective. Immediate 

blood gas analysis revealed pH 7.21, arterial partial pressure 

of carbon dioxide (PaCO2) 39 mmHg, arterial partial pressure 

of oxygen (PaO2) 253 mmHg, bicarbonate 15.6 mmol/L, and 

arterial oxygen saturation (SaO2) 100%. SBP decreased to 33 

mmHg, at which time ephedrine 1 mg was injected following 

chest compressions. Vital signs temporarily rose to HR 130 

beats/min and SBP 110 mmHg, and the patient appeared to 

respond to verbal commands. However, SBP decreased again, 

along with a decrease in end tidal CO2 (EtCO2) to 20 mmHg. 

Oxygen saturation also decreased. Follow-up blood gas analy-

sis revealed pH 6.88, PaCO2 85 mmHg, PaO2 53 mmHg, bicar-

bonate 15.9 mmol/L, and SaO2 57%. Norepinephrine and do-

butamine were continuously infused to increase blood pres-

sure.

  Emergency transesophageal echocardiography (TEE) was 

performed. The test revealed a hypokinetic dilated right ven-

tricle (RV) and a D-shaped left ventricle (LV) (Figure 2). LV 

systolic dysfunction was noted without inferior vena cava (IVC) 

collapsibility. Tricuspid regurgitation was found with 49 mmHg 

pressure gradient (Figure 3). Considering the decreased EtCO2, 

elevated PaCO2, and TEE findings, PTE was suspected. Car-

diopulmonary resuscitation until return of spontaneous cir-

culation was repeated three times. HR was maintained at 120 

beats/min, SBP at 150 mmHg, and peripheral capillary oxy-

gen saturation (SpO2) at 70%. Following consultation with 

cardiology and neurosurgery, we decided to use thrombolyt-

ics after diagnosis by multidetector computed tomography 

(MDCT). MDCT revealed occlusion of both pulmonary arter-

ies with multiple pulmonary thromboembolisms and atelec-

Figure 1. Position for spine surgery. Another patient is pictured, 
having provided informed consent. Hips and knees are flexed, so 
legs are placed lower than the heart.

Figure 3. Tricuspid regurgitation (TR) is observed with pressure gra-
dient (PG) 49 mmHg. 

Figure 2. D-shaped left ventricle is observed in transgastric short 
axis view.
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tasis in both lungs, consistent with a diagnosis of acute PTE 

(Figure 4). DVT was not observed elsewhere. The D-dimer 

level from a sample obtained in the operating room was above 

3,200 ng/ml and troponin I was 0.02 ng/ml.

  The patient was transferred to the intensive care unit where 

treatment with recombinant tissue-type plasminogen activa-

tor (tPA) 100 mg (Actilyse, Boehringer Ingelheim, Ingelheim, 

Germany) was initiated. Weighing the risk and benefits of 

massive bleeding and the treatment of life-threatening PTE 

after administration of tPA, massive bleeding can be controlled 

with various drugs in addition to transfusion. It would be pos-

sible to approximate the amount of bleeding and remove any 

hematomas using surgical drains. In this case, acute adminis-

tration of thrombolytics was the only option to improve the 

patient’s hemodynamics. Upon tPA injection, SpO2 dramati-

cally increased to 100%. The patient was placed under ventila-

tor care, in pressure-controlled ventilation mode with peak 

inspiratory pressure 10 cmH2O, respiration rate 16/min, FiO2 

60%, and positive end expiratory pressure 12 cmH2O. The pa-

tient’s mental state was drowsy, and norepinephrine 0.1 μg/

kg/min and epinephrine 0.05 μg/kg/min were continuously 

infused to maintain SBP. Within 1 hour of tPA injection, 1,870 

ml and 270 ml of blood (total 2,140 ml) were drained from the 

operation site through two separate drains, and tPA was dis-

continued. A total of 50 mg of tPA was injected. Over the next 

6 hours, 2,000 ml of bleeding was observed, and a total of sev-

en packs of packed red cells and nine packs of fresh frozen 

plasma were transfused. Bleeding had drastically decreased 6 

hours after tPA termination, at which time lab results showed 

hemoglobin 9.6 g/dl and hematocrit 29.8%.

  On postoperative day (POD) 1, epinephrine was discontin-

ued and only norepinephrine was maintained. Lab results 

showed continued elevation of D-dimer > 3,200 mmol/L. 

Bleeding through the drains had decreased drastically to 130 

ml. Cardiac echocardiography continued to show right heart 

dysfunction, but the size of the LV was clearly reduced com-

pared to the day before. Norepinephrine was discontinued on 

POD 2, and SBP and HR were stabilized. Chest radiography 

showed pulmonary edema, which was treated with furose-

mide. For PTE prevention, enoxaparin 70 mg every 12 hours 

was administered subcutaneously. Pro-brain natriuretic pep-

tide (pro-BNP) was very high on POD 3 (3,714 pg/ml), and ex-

tubation was performed on POD 4 and oxygenation was per-

formed with a high-flow nasal cannula 50 L/min, 60% O2. CT 

findings on POD 6 revealed improvement of the PTE but not 

complete resolution. Enoxaparin was discontinued on POD 9 

and changed to rivaroxaban. As no further bleeding was ob-

served, the patient was then transferred to the ward.

DISCUSSION

Placing the patient in the prone position during a posterior 

approach to the spine allows a better surgical view, but this 

position is associated with numerous complications. The po-

sition itself is difficult to attain, and there are risks of misplace-

ment or malpositioning of anesthetic monitoring lines, intra-

venous lines, and endotracheal tubes from position change 

after anesthetic induction. The risks of ulcers, blindness, or 

brachial plexus injury increase. Tidal volume also decreases 

from increased inspiratory pressure resulting from compres-

sion of the chest. Compression of the abdomen also elevates 

abdominal pressure, decreasing venous return to the heart 

and increasing systemic and pulmonary vascular resistance. 

Furthermore, if the hips and knees are flexed in a kneechest 

position, decreased venous return from the lower extremities 

may lead to the formation of thrombi and related complica-

tions. Thus, positioning during lumbar spinal surgery depends 

on appropriate weight distribution and avoiding extreme joint 

flexion to prevent DVT and PTE [4].

  Tominaga et al. [5] reported a 25% incidence of DVT after 

spine surgery based on cardiac echocardiography, while Taka-

hashi et al. [6] found a 19% incidence of DVT based on CT. 

Hohl et al. [7] reported an incidence of 0.88% (51/5,766) of 

Figure 4. Multidetector computed tomography reveals occlusion 
of both pulmonary arteries with multiple pulmonary thromboem-
bolisms (arrows).
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symptomatic PTE after thoracolumbar spine surgery. Lower 

extremity DVT is the source of 80%–90% of postoperative PTE 

[2]. Pulmonary embolism (PE) usually forms around 5 days 

postoperatively rather than immediately after surgery [8], but 

length of immobility or mechanical stress such as leg eleva-

tion and tourniquet inflation also play a role in PE formation 

[9,10].

  There are many predisposing factors for PTE including can-

cer, pregnancy, hormone replacement therapy, infection, ma-

jor trauma, limb fracture, surgery, etc. [11]. However, in this 

particular case, the patient was fairly healthy. She was slightly 

obese, but with BMI < 40 kg/m2, the risk of DVT was low. For 

these reasons, preoperative evaluations specific for PTE (echo-

cardiography, MDCT, and laboratory tests of D-dimer, tropo-

nin, BNP) were not performed.

  PE was found on postoperative CT, but without a core throm-

bus of origin, we believe that a thrombus was formed during 

position change. The use of the Jackson table is preferred be-

cause there is no abdominal compression, thus decreasing 

venous congestion and increasing exposure of the surgical 

field. In addition, because it does not elevate thoracic pres-

sure and supports the chest and pelvis, cardiac effects are 

minimized [12]. However, because the hips and knees are 

flexed and positioned below the heart to promote kyphosis of 

the surgical area, venostasis is promoted and increased with 

the inguinal area compressed. Furthermore, long durations of 

surgery over 6 hours also contribute to risk factors for DVT 

development. 

  Other possible causes are pulmonary fat or bonemarrow 

embolism and intraoperative use of hemostatic agents. Sud-

den perioperative cardiopulmonary dysfunction as a result of 

fat embolism is a well-known complication of bone and joint 

surgery. Takahashi et al. [13] reported that the incidence of 

moderate to severe embolic events is 80% in spinal instrumen-

tal surgery, especially surgery associated with insertion of 

pedicle screws. There are several cases of PTE associated with 

application of a hemostatic matrix on the operative field [14]. 

In this case, a hemostatic gelatin sponge (Cutanplast; Mascia 

Brunelli, Milan, Italy) was used for hemostasis; no cases of 

PTE have yet been reported with the use of this device. Never-

theless, DVT can be suspected as a cause of hemodynamic 

collapse in this case considering the prompt response to tPA.

  PTE can present with various clinical signs and is even more 

difficult to detect in patients under general anesthesia, but it 

can be diagnosed through changes in monitored parameters. 

Such findings would be hypotension, sudden decrease in 

EtCO2, increase in (Pa–Et)CO2 difference, expansion of the 

jugular vein, and changes in ECG (arrhythmia, ST depression, 

or right bundle branch block). Wheezing or decreased lung 

sounds can be heard in both lungs. Extremely high pulmo-

nary artery pressure and central venous pressure may be ob-

served. However, these signs are not restricted to PTE, and 

because they are nonspecific, other tests should be conducted 

to confirm this diagnosis.

  First, laboratory tests for D-dimer must be performed, along 

with tests for troponin, BNP, etc. If the results for D-dimer are 

negative, PTE can be excluded. In addition, MDCT is a nonin-

vasive, simple, and confirmatory diagnostic test. It can diag-

nose the functioning of structures other than the pulmonary 

vessels, such as the heart, and can predict risks [15]. If the im-

age resolution is unsatisfactory, pulmonary artery angiogra-

phy can be performed. However, because this is an invasive 

procedure, MDCT is generally performed instead. A perfusion 

diffusion scan demonstrates perfusion of the lung region where 

the PTE is located but no diffusion. The use of this modality is 

decreasing, but it can be used in patients allergic to contrast 

or those who are pregnant. In addition, lower extremity Dop-

pler ultrasonography can be used to assist in the diagnosis of 

DVT in diagnosing PTE. However, negative findings do not al-

low the exclusion of PTE.

  Cardiac echocardiography is not routinely performed in 

low-risk patients who are hemodynamically stable, but it is 

one of the most useful bedside tests in high risk patients who 

are hypotensive or have cardiogenic shock [16]. Transthoracic 

echocardiography (TTE) will show signs of RV dysfunction 

due to elevated LV pressure from PTE. Because the RV wall is 

thin and compliant, it cannot manage elevated pulmonary 

vascular resistance and will deviate the ventricular septum to 

the left. This is an indication for the use of thrombolytics [17]. 

However, the fact that PTE cannot be found on TTE does not 

mean that PTE cannot be excluded; a comprehensive deci-

sion must be made based upon hemodynamic and other di-

agnostic findings. 

  The treatment of PTE remains controversial, and decisions 

should be based on the degree of signs and hemodynamic 

variables upon the diagnosis of PTE. When massive PTE re-

sults in hemodynamic instability, thrombolytics, surgical em-

bolectomy, and IVC filters, among other approaches, can be 

used. In this case, interventional embolectomy could not be 

immediately performed, and because drains were placed in 

the surgical site, the overall ratio of risks to benefits to the pa-

tient should be considered when deciding whether to use 

thrombolytics. The best results are obtained if tPA is used with-

in 48 hours of the first signs, and the treatment can be effec-
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tive up to 2 weeks [18]. It is especially effective in patients who 

show signs of hemodynamic instability due to RV dysfunc-

tion, and can decrease mortality or recurrent PTE compared 

to heparin administration alone. However, its use is limited 

because bleeding remains a complication. In a study of the 

use of thrombolytic therapy in 312 patients, 1.9% developed 

intracranial hemorrhage [3]. In our case, we decided to use 

thrombolytics due to hemodynamic instability and minimal 

postoperative bleeding. However, massive bleeding occurred 

with the use of tPA, and thus it was discontinued within 1 hour 

and replaced with heparinization. Postoperative site bleeding 

was increased due to the use of tPA, but no other bleeding foci 

were found. Decrease in PTE was also observed, and hemo-

dynamic parameters were stabilized with its use.

  Patients taking antithrombotic or antiplatelet agents should 

discontinue medication in the preoperative period and re-

sume treatment soon after the operation. However, determi-

nation of proper resumption presents a dilemma due to 

bleeding risk. Recent guidelines recommend resuming warfa-

rin approximately 12 to 24 hours after surgery, and the prompt 

resumption of antiplatelet agents after surgery. For patients 

receiving bridging anticoagulation with low-molecular-weight 

heparin (LWMH), the guidelines suggest resuming LWMH 48 

to 72 hours after surgery with high bleeding risk and approxi-

mately 24 hours after surgery with low bleeding risk [19,20].

  Anesthesiologists must keep in mind that any patient un-

dergoing surgery can develop PTE. Placement in a prone po-

sition for an extended period of time can be a high risk factor 

for PTE, and if this is suspected, immediate diagnosis and 

treatment should be performed. Furthermore, considering 

the high mortality in patients who develop PTE, preventive 

measures are necessary in high-risk patients. Prevention with 

preoperative and postoperative heparin administration, lower 

extremity compression stockings, and early postoperative am-

bulation can be considered as well. Furthermore, a variety of 

treatment approaches should be considered, taking into ac-

count individual patients’ hemodynamic parameters and 

weighing risks and benefits.
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