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Anaesthesia for ruptured ectopic pregnancy at district level
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Abstract

In South Africa, deaths as a result of ectopic pregnancies are increasing despite the overall improvements in maternal mortality. These deaths occur predominantly in district hospitals, with the final cause of death being hypovolaemic shock in almost all cases. In most cases, no anaesthesia was attempted despite the district hospitals having the clinical skills, equipment and infrastructure to provide a caesarean delivery service. It appears that there is a skills gap between the provision of anaesthesia for caesarean delivery and that of ruptured ectopic pregnancy. There is a growing recognition of the urgent need to prioritise the provision of emergency surgical care in rural settings. This should be viewed not as a luxury but as an absolute necessity. In this study, we aim to discuss the pathophysiology of a patient with a ruptured ectopic pregnancy briefly, outline district hospital requirements for safe surgery and then discuss a simple, safe method for the provision of anaesthesia in patients deemed too unstable to transfer to a referral facility.
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Introduction

The Lancet Commission on Global Surgery was established in recognition of the moral imperative to provide safe and accessible surgical care within global health initiatives.1 This commission recognised that ‘surgery and anaesthesia are integral, indivisible components of any properly functioning health system’.1 Yet data from the latest Saving Mothers report (2017–2019) suggest that deaths in early pregnancy are increasing despite a decreasing number of overall maternal deaths.2 In total, 323 deaths were reported during early pregnancy: 119 (37%) because of ectopic pregnancy and 204 (63%) because of complications of miscarriage.2 Deaths from ectopic pregnancies occur predominantly in district hospitals (37%), with the final cause of death being hypovolaemic shock in 81% of cases. In one-fifth of cases, no resuscitation was attempted, and anaesthesia was only administered in 38% of cases (indicating that almost two-thirds of cases had no attempt at surgical control of bleeding). The lack of appropriately trained doctors is highlighted as the most frequent administrative avoidable factor. This is despite these hospitals having the infrastructure, equipment and clinical skills to provide an obstetric caesarean delivery service: these are classified as avoidable deaths in approximately two-thirds of cases.3 It appears that there is a skills gap between the provision of anaesthesia for caesarean delivery and that of ruptured ectopic pregnancy. There is a growing recognition of the urgent need to improve the capacity to provide emergency surgical care in rural settings. This should be viewed not as a luxury but as an absolute necessity.4 In this article, we aim to discuss the pathophysiology of the patient with a ruptured ectopic pregnancy briefly, outline district hospital requirements for safe surgery and then discuss a simple, safe method for the provision of anaesthesia in patients deemed too unstable to transfer to a referral facility.

Ectopic pregnancies: General principles

Ectopic pregnancy is a common, life-threatening condition that occurs when a fertilised ovum implants outside the uterine cavity.5 Whilst there are several different implantation sites and clinical presentations, this article will mainly deal with the acute ruptured ectopic pregnancy requiring surgery at a district hospital. It is important to recognise that very unstable patients may not survive transfer to a referral facility. These patients require urgent, on-site surgery.2 In addition, stable patients with a ruptured ectopic pregnancy may rapidly deteriorate and become haemodynamically unstable. It is, thus, always advisable to provide definitive, on-site management for patients with ruptured ectopic pregnancy. It is imperative that district hospitals develop the capacity to provide safe perioperative care to this group of patients.

There are two common errors in the management of ectopic pregnancies: missed diagnosis and failure to control the bleeding.3 It is critical that early diagnosis is made to enable management that prevents haemodynamic instability occurring. Diagnosis is based on clinical acumen and ultrasound where necessary. This aspect is covered in other publications.3 The initial clinical presentation is influenced by the amount of blood lost, which will alter the haemodynamic variables, ranging from haemodynamically stable patients to patients in haemorrhagic shock.6 Shock is initially a single component (hypovolaemic) but if not quickly managed may progress to multi-component shock (including both cardiogenic and vasodilatory elements).7 This may then be compounded by coagulopathy, which usually develops only after significant blood loss. Failure to perform a laparotomy occurs because there is either a failure to recognise hypovolaemia or because there is a reluctance to proceed to theatre in unstable patients. Recognising shocked patients may be simplified through by using the shock index (heart rate [HR]/systolic blood pressure [SBP]).6 Values > 1 suggest a significant shock. Table 1 summarises an outline of the assessment of stability based on the Advanced Trauma Life Support (ATLS) system.6
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Whilst this system is useful in assessing patients, the ATLS classification may underestimate the degree of blood loss in trauma patients.8 In patients with ruptured ectopic pregnancies, the physiological compensatory mechanisms of early pregnancy (increased cardiac output, increased plasma volume and an increased reliance on the sympathetic nervous system for maintenance of haemodynamic stability) may further mask significant bleeding.5 One must, therefore, always prepare for potential decompensation following induction of anaesthesia and loss of sympathetic compensatory mechanisms, even in patients who initially appear stable.

Theatre and skills requirements

Several international and national guidelines outline the basic requirements for a theatre service to provide a safe perioperative environment.9 The Essential Steps in the Management of Obstetric Emergencies (ESMOE) training programme has been shown to improve the knowledge and skill sets and incorporates a list of essential skills, equipment and a pre-anaesthetic checklist.10 These protocols should be laminated and displayed in theatre complexes. District hospitals should ideally appoint a lead anaesthetist. This is someone who has an interest in anaesthesia and takes the lead in theatre services. It is preferable, but not essential, that this person has attained a diploma in anaesthesia. As a minimum, clinicians should be able to perform fluid resuscitation and intubation and be able to set basic ventilator settings. With this skill set, there are simple anaesthetic techniques that will be immediately accessible (see Figure 1). When unstable patients are taken to theatre in a district hospital setting, the most senior staff available should be called to assist both in administering anaesthesia and in surgery.
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Principles of resuscitation

Resuscitation in the unstable patient is simply a bridge to going to theatre – surgical control is essential:


Being haemodynamically unstable is not a contraindication for anaesthesia in the case of a ruptured ectopic pregnancy; it is an urgent indication for anaesthesia to allow life-saving surgery and effective resuscitation.3



Crucially, haemodynamic stability prior to theatre is not the end point. Resuscitation occurs whilst transferring the patient to theatre, continues in theatre and concludes in the postoperative phase. Resuscitation can only be successful once the surgical control of the bleeding is achieved. Aim to keep the SBP > 90 mmHg and the HR < 120 beats per minute (bpm) if possible whilst preparing for theatre but do not aggressively target the normal blood pressure (SBP > 110 mmHg) in this phase, as this may increase the blood loss.11

Haemostatic resuscitation

The best blood conservation strategy is early surgery. Delaying transfusion until surgical control is attained seems logical, unless the degree of maternal instability suggests the patient will not survive until surgery. Clinicians should be aware of local perioperative blood management guidelines.12 District hospitals should have stock of emergency blood on-site. In case of limited availability of blood, we suggest that this blood should be used pre-induction if the haemoglobin (Hb) is < 5 g/dL; be in theatre if the Hb is < 7 g/dL and be available from the fridge on short notice if the Hb is > 7 g/dL. The Hb can be measured with point-of-care devices (‘ward Hb’), and these should be routinely available in district hospitals. In the absence of a measured Hb, transfusion should be initiated based on clinical criteria: failure to respond to initial crystalloid fluid resuscitation (SBP < 90 mmHg) in combination with clinical pallor. Autotransfusion systems, such as cell savers, are invaluable ways to conserve blood and have proved life-saving in areas where blood is unavailable. Complex re-infusion systems are unlikely to be available at the district level, and low-technology methods should be considered for intraoperative autotransfusion. These low-technology systems are under-utilised in resource-limited settings.13

Freeze-dried plasma (FDP) is another useful product that should be stocked by district hospitals. It has a long shelf-life, can be stored at room temperature and is a useful colloid resuscitative fluid in the setting of massive haemorrhage, both for fluid resuscitation and for the replacement of clotting factors. It is unlikely that district hospitals will have access to blood products such as cryoprecipitate, but the administration of tranexamic acid (1 g intravenously) during massive haemorrhage is advisable to reduce fibrinolysis.

A suggested, step-wise fluid resuscitation strategy is outlined in the following:


	Establish large-bore intravenous infusion (IVI) access (minimum two 18 Gauge (G), ideally 14 G or 16 G) and check ward Hb.

	Give 1 L crystalloid rapidly: Ringer’s lactate (preferably) or normal saline.

	Target SBP > 90 mmHg, HR < 120 bpm.

	Repeat crystalloid (1 L) or colloid (e.g. Voluven 500 mL) if haemodynamic targets are not attained.

	Repeat ward Hb regularly (every 30–60 min until bleeding is controlled).

	If Hb < 7: give FDP (2–4) plus fetch blood (administer blood if Hb < 5 pre-induction).

	If SBP < 90 mmHg after fluids, initiate adrenaline infusion and expedite surgery.



Inotropic support

Pharmacological support of the blood pressure may be required if SBP targets are not attained with fluid resuscitation. Ephedrine boluses (5 mg – 10 mg) may be initially employed, but tachyphylaxis quickly occurs.5 Phenylephrine boluses/infusion are less suited to hypovolaemic shock, as it is a pure vasoconstrictor (although it may raise cardiac output through redistribution of venous blood from the splanchnic circulation).14 Failure to respond to repeated ephedrine boluses suggests that adrenaline may be needed to support the blood pressure. It is better to start adrenaline early but always in association with fluid resuscitation. Consider adrenaline when SBP < 90 mmHg following fluid resuscitation. It is always preferable to give adrenaline on a dedicated line if possible. Depending on equipment available, there are several methods of giving adrenaline. Some basic options, based on the available equipment, are as follows:


	Volumetric infusion pump: Put 4 amps (ampoules) (4 mg) in 200 mL normal saline and run at 10 mL/h initially. Titrate rapidly upwards until SBP > 90 mmHg.

	Syringe driver: Put 1 amp (1 mg) in 50 mL normal saline and run at 10 mL/h. Titrate rapidly upwards until SBP > 90 mmHg.

	No syringe driver or volumetric infusion pump: Put 1 amp adrenaline (1 mg) in 1 L Ringer’s lactate and run freely. Titrate fluid rate to effect.



Contextualised anaesthesia care

There are several approaches to anaesthesia in the unstable patients. A simplified approach is shown in Figure 1, which incorporates suggestions made in the Guidelines for Maternity Care in South Africa.15 Underlying this approach are several important anaesthetic principles outlined below.

Principle 1: All anaesthesia is a titration

Unstable patients require far less anaesthetic agent than stable patients. Conventional doses may be dangerously high for unstable patients. Similarly, unstable patients who are responding to resuscitation may require higher doses once they begin to recover. Always start on the lower end of the dosage range and work upwards. Propofol is generally not advised in the unstable patient unless an experienced anaesthetist is available, as it may cause profound hypotension. It is preferable to use ketamine or etomidate in these circumstances, as shown in Figure 1.

Principle 2: Unstable patients are at high risk of awareness

Awareness is an unavoidable risk of anaesthetising unstable patients: it is necessary to maintain a lighter plane of anaesthesia to prevent cardiovascular collapse. Once stability is achieved, it is important to deepen the anaesthetic, adequately address analgesia (with multimodal analgesia) and counsel patients postoperatively regarding awareness. Midazolam can be used to reduce the risk of awareness (2.5 mg – 5 mg), but its vasodilatory actions may make it unsuitable in the haemodynamically unstable patient.

Principle 3: The goal of airway management is ventilation and oxygenation, not intubation

A major concern for occasional anaesthetists is the management of the airway during a general anaesthetic. Patients should be assumed to have a full stomach and, therefore, require a rapid-sequence induction, including cricoid pressure.16 Whilst it is possible to do a laparotomy under pure ketamine (with only facemask oxygen), this should not be advocated as a general rule. Skills to intubate patients and employ basic ventilation are essential at the district hospital level. If the clinician is unable to insert an endotracheal tube, mask ventilation should be attempted and, if possible, a supraglottic airway device (SGA) should be inserted.16 It is acceptable to do a laparotomy using an SGA if one failed to secure endotracheal intubation. The goal is to provide enough ventilation to adequately oxygenate the patient. The latest airway guidelines stress the importance of pre-oxygenation, apnoeic insufflation (keeping the facemask firmly applied with oxygen at high flow until intubation is possible) and even allow for bag-mask ventilation in patients with cricoid pressure whilst awaiting paralysis, using pressures < 20 cm/H2O.16

Notes on ketamine

Ketamine can be administered as a sole anaesthetic agent. Thus, induction (2 mg/kg IVI) can be followed by maintenance (repeated boluses of 1 mg/kg PRN or infusion at 4 mg/kg per hour). To run a 4 mg/kg per hour infusion, simply put 200 mg ketamine in a 50-mL syringe with normal saline and run at the patient’s weight. It should be remembered that whilst ketamine provides good anaesthesia and analgesia, it is less effective in preventing the movement of the patient. Accordingly, many anaesthetists will combine this technique with muscle relaxation (vecuronium, cisatracurium or rocuronium) or with a low dose of volatile anaesthesia (e.g. end-tidal isoflurane 0.3–0.5). If muscle relaxation is employed, then patients must be reversed with neostigmine and glycopyrrolate at the end of the procedure, prior to extubation.

Choosing an anaesthetic method

The anaesthetic methods suggested here are techniques for occasional anaesthetists where the goal is to reduce the chance of significant harm to the shocked patient: if a more comprehensive anaesthetic skill set is available, then alternative techniques are advised.15 Prior to conducting anaesthesia, it is important that the essential equipment list for anaesthesia is available, and that the pre-anaesthetic checklist has been conducted in accordance with the national ESMOE guidelines: these habits should be institutional norms.10 These are widely available standards, and the protocols should be laminated and placed on theatre walls. The use of the World Health Organization (WHO) surgical safety checklist is also strongly advised.17

The anaesthetic employed should be based on the stability of the patient and the skill set and equipment available. For stable patients with an unruptured ectopic pregnancy, it is acceptable to use spinal anaesthesia (hyperbaric bupivacaine 0.5%: 2.6 mL – 2.8 mL and add fentanyl 10 μg if available).5 However, it is not acceptable to use spinal anaesthesia if there are concerns regarding haemodynamic stability (see Table 1), significant bleeding or a low Hb (< 9 g/dL). In this setting, use the algorithm in Figure 1 to choose a method of general anaesthesia. Remember that advice is available: call a referral centre for telephonic assistance from the anaesthetic department.

Conclusion

It is vital that district hospitals develop the skills required to provide perioperative care for patients presenting with ruptured ectopic pregnancy. Using the key principles of adequate resuscitation and appropriate airway management, it is possible to provide safe anaesthesia and analgesia for this group of patients. Unstable ectopic pregnancies are responsible for a large number of avoidable maternal deaths, and key to combatting this problem is that district facilities develop the expertise to operate on-site. Unstable patients are unlikely to survive transfer. By following the principles outlined in this article, it should be possible to safely achieve surgical control in the majority of patients.

Acknowledgements

The authors would like to thank Dr Ben Gaunt, Dr Jess Westwood, Dr Andrew Miller and Dr Zane Farina for their constructive input during the drafting of this manuscript.

Competing interests

The authors declare that they have no financial or personal relationships that may have inappropriately influenced them in writing this article.

Authors’ contributions

Both authors contributed to the conceptualisation and writing of the article.

Ethical considerations

Ethical clearance was not required for this article. This study followed all ethical standards for a research without direct contact with human or animal subjects.

Funding information

The authors received no financial support for the research, authorship and/or publication of this article.

Data availability

Data sharing is not applicable to this article as no new data were created or analysed in this study.

Disclaimer

The views and opinions expressed in this article are those of the authors and do not necessarily reflect the official policy or position of any affiliated agency of the authors.

References


	1. 	Meara JG, Hagander L, Leather AJM. Surgery and global health: A Lancet Commission. Lancet. 2014;383(9911):12–13. https://doi.org/10.1016/S0140-6736(13)62345-4

	2. 	Moran NF, Baloyi K. Strategies to reduce deaths in early pregnancy. O&G Forum. 2020;30(4):17–20.

	3. 	Moran NF. Preventing maternal deaths due to ectopic pregnancy. S Afr Med J. 2018;108(12):1018. https://doi.org/10.7196/SAMJ.2018.v108i12.13453

	4. 	Chu KM, Duvenage R. A call to action: Translating procedural baskets into improved surgical capacity at the district hospital. World J Surg. 2021;45(2):378–379. https://doi.org/10.1007/s00268-020-05827-1

	5. 	Chestnut DH, Wong CA, Tsen LC, et al. Chestnut’s obstetric anesthesia: Principles and practice. 6th ed. Philadelphia: Elsevier; 2019.

	6. 	Advanced trauma life support® (ATLS®) student course manual. 10th ed. Chicago, IL: American College of Surgeons; 2018.

	7. 	Kislitsina ON, Rich JD, Wilcox JE, et al. Shock – Classification and pathophysiological principles of therapeutics. Curr Cardiol Rev. 2019;15(2):102–113. https://doi.org/10.2174/1573403X15666181212125024

	8. 	Guly HR, Bouamra O, Spiers M, et al. Vital signs and estimated blood loss in patients with major trauma: Testing the validity of the ATLS classification of hypovolaemic shock. Resuscitation. 2011;82(5):556–559. https://doi.org/10.1016/j.resuscitation.2011.01.013

	9. 	Gelb AW, Morriss WW, Johnson W, et al. World Health Organization-World Federation of Societies of Anaesthesiologists (WHO-WFSA) International standards for a safe practice of anesthesia. Can J Anaesth. 2018;65(6):698–708. https://doi.org/10.1007/s12630-018-1111-5

	10. 	Pattinson RC, Bergh AM, Makin J, et al. Obstetrics knowledge and skills training as a catalyst for change. S Afr Med J. 2018;108(9):748–755. https://doi.org/10.7196/SAMJ.2018.v108i9.13073

	11. 	Tran A, Yates J, Lau A, Lampron J, Matar M. Permissive hypotension versus conventional resuscitation strategies in adult trauma patients with hemorrhagic shock: A systematic review and meta-analysis of randomized controlled trials. J Trauma Acute Care Surg. 2018;84(5):802–808. https://doi.org/10.1097/TA.0000000000001816

	12. 	Wise R, Bishop D, Gibbs M, et al. South African society of anaesthesiologists perioperative patient blood management guidelines 2020. S Afr J Anaesth Analg. 2020;26(6):S1–S59. https://doi.org/10.36303/SAJAA.2020.26.6.S1

	13. 	Sjoholm A, Alga A, Von Schreeb J. A last resort when there is no blood: Experiences and perceptions of intraoperative autotransfusion among medical doctors deployed to resource-limited settings. World J Surg. 2020;44(12):4052–4059. https://doi.org/10.1007/s00268-020-05749-y

	14. 	Cannesson M, Jian Z, Chen G, Vu TQ, Hatib F. Effects of phenylephrine on cardiac output and venous return depend on the position of the heart on the Frank-Starling relationship. J Appl Physiol. 2012;113(2):281–289. https://doi.org/10.1152/japplphysiol.00126.2012

	15. 	National Department of Health, South Africa. Guidelines for maternity care in South Africa. A manual for clinics, community health centres and district hospitals. 4th ed. Pretoria: NDoH, 2015; p. 75–76.

	16. 	Frerk C, Mitchell VS, McNarry AF, et al. Difficult Airway Society 2015 guidelines for management of unanticipated difficult intubation in adults. Br J Anaesth. 2015;115(6):827–848. https://doi.org/10.1093/bja/aev371

	17. 	Mock CN, Donkor P, Gawande A, Jamison DT, Kruk ME, Debas HT. Essential surgery: Key messages from disease control priorities, 3rd edition. Lancet. 2015;385(9983):2209–2219. https://doi.org/10.1016/S0140-6736(15)60091-5



OPS/SAFP-63-5304-T1.jpg
TABLE 1: Assessing haemodynamic stabilit

Clinical parameter Stable Concerning Unstable
(blood loss < 15%) (blood loss 15% — 30%) (blood loss > 30%)

Heart rate <100 100-120 >120

systolic blood >100 >100 <100

pressure (mmHg)

Level of 15 15 <15

consciousness

Respiratory rate <20 20-30 >30

mmHg, millimetre of mercury.
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1. Preoxygenate
2. Induce

3. Paralyse

4. Intubate

5. Maintain

6. Analgesia

7. Reverse and
extubate

R Adequate monitoring
* (ECG, NIBP, SpO2, Capnography,
temp)

R Adequate IVI access
* (minimum two 18G, ideally 16G)

R Adequate fluid resuscitation
* (Ringer’s lactate 2 litres)

v Preoperative ward Hb,
repeat regularly
* (mobilise blood if Hb < 7g/dL)

\ Forced air warmer and
warm fluid

\ Dedicated anaesthetist
 (no task sharing)

Induction

1.1 Induction:

A. Ketamine 2 mg/kg
B. Etomidate 0.2-0.3 mg/kg

C. Propofol 2-3 mg/kg

%

1.2 Paralysis:

A. Suxamethonium 1 mg/kg

B. Rocuronium 0.6-0.9 mg/kg

N%

1.3 Intubate: RSI and ventilate

ETT Size 6.5-7.0

Size 3/4 LMA
RR12  Tv400
PEEP5  100% 02

Anaesthesia for ruptured ectopic pregnancy

Maintenance

2.1 Maintenance:

2.1.1 Volatile 2.1.2 Ketamine
Isoflurane 0.3-1.0  Boluses 1 mg/kg PRN
Sevoflurane 1-2 Infusion 4 mg/kg/hr

2.2 Analgesia
« Fentanyl 1ug/kg every 30 minutes

« Morphine 0.1 mg/kg
« Paracetamol 1G IVI

2.3 Treating hypotension

o Fluid

« Blood/FDP

« Ephedrine 5-10 mg IVI
« Adrenaline

2.4 Treating movement
« Deepen the anaesthesia
« Ensure adequate analgesia

 Only paralyse if depth of anaesthesia
adequate

Emergence
3.1 Emergence

« Haemodynamically stable

« Not on adrenaline

« Adequate oxygenation

« Hb > 6g/dL, temperature > 35 °C

* Reverse NDMR:
Glycopyrrolate 0.4 mg
Neostigmine 2.5 mg

« Awake extubation

3.2 Postoperative recovery period:
discharge criteria

« 2 30 minutes monitoring

« Fully conscious

« Haemodynamically stable:
« Heart rate < 120
* SBP > 100 mmHg

« Resp rate < 20

« No active bleeding

« Pain controlled

IVI, intravenous infusion; Hb, haemoglobin; ETT, endotracheal tube; LMA, laryngeal mask airway; RR, respiratory rate; PEEP, positive end-expiratory pressure; Ty, tidal volume; PRN, as required; FDP, freeze-dried plasma; NDMR, non-depolarising muscle relaxant; GCS,

Glasgow Coma Scale; Resp., respiratory.

FIGURE 1: Anaesthesia for ruptured ectopic pregnancy.
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