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The evolution of renal replacement therapy (RRT) has been punctuated by the development of sophisticated
delivery systems designed to mimic the intricate filtration processes of the human kidney. Among the most iconic
and enduring platforms in this field are the Gambro AK 200 S and its advanced counterpart, the AK 200 ULTRA S.
These machines represent a pinnacle of Swedish engineering, integrating complex fluid dynamics, electrochemical
monitoring, and real-time software controls to provide life-sustaining treatment for patients with end-stage renal
disease (ESRD).

As medical technology transitions toward more intensive therapies like Online Hemodiafiltration (HDF),
understanding the underlying architecture of these devices becomes paramount for clinical engineers,
nephrologists, and healthcare technicians. This guide provides an exhaustive technical breakdown of the AK 200
series, focusing on its operational mechanics, maintenance protocols, and the theoretical frameworks that govern
its performance.

Theoretical Framework of Extracorporeal Therapy

To understand the AK 200 series, one must first grasp the physical principles it facilitates: diffusion, convection,
and ultrafiltration. While the standard AK 200 S is primarily focused on high-efficiency hemodialysis (HD), the
ULTRA S variant is specifically engineered to handle high-volume convection through Hemodiafiltration (HDF) and
Hemofiltration (HF).

1. Diffusion (Solute Clearance)

Diffusion is the movement of solutes from an area of high concentration (blood) to low concentration (dialysate)
across a semi-permeable membrane. The AK 200 S optimizes this by maintaining a counter-current flow, where
blood and dialysate move in opposite directions to maximize the concentration gradient. The machine’s ability to
stabilize dialysate flow rates ($Q_d$) up to 1000 ml/min (though typically operated at 500 ml/min) is critical for
effective urea and creatinine clearance.

2. Convection and Solvent Drag

In Hemodiafiltration, solutes are removed not just by concentration gradients but by ‘dragging’ them along with the
fluid being removed. This is particularly effective for 'middle molecules' like $\beta_2%$-microglobulin. The AK 200
ULTRA Sutilizes an integrated system to produce large volumes of sterile substitution fluid 'online’ from the
dialysate itself, avoiding the need for expensive, pre-packaged bags.

Technical Architecture: The Hydraulic and Electronic Core

The Gambro AK 200 S operates on a sophisticated hydraulic circuit that manages water purification, concentrate
proportioning, and waste removal. The system is divided into several modules, each with dedicated sensors and
actuators.

The Fluid Preparation System

The process begins with treated water entering the machine through an inlet valve. The water passes through a



Heat Exchanger, where it is pre-heated by the warm, used dialysate exiting the system, maximizing energy
efficiency. It is then heated to the target temperature (typically 35—-39°C) by a primary heater. A Degassing Pump
creates a partial vacuum to remove dissolved air, preventing air bubbles from interfering with the sensors or
entering the dialyzer.

Proportioning and Conductivity Control

The AK 200 S uses a volumetric proportioning system. It draws Acid and Bicarbonate concentrates using precise
ceramic pumps. The resulting mixture's conductivity is measured by redundant sensors. If the conductivity deviates
from the set window (usually 12.8 to 14.5 mS/cm), the Bypass Valveimmediately diverts the fluid to the drain to
prevent patient injury. This 'closed-loop' feedback system is the cornerstone of patient safety in the AK 200 series.

The Blood Circuit

The extracorporeal circuit consists of the arterial line, the blood pump, the dialyzer, and the venous line. The blood
pump is a peristaltic roller pump designed to minimize hemolysis while maintaining precise flow rates ($Q_b$).
Pressure transducers monitor Arterial Pressure (pre-pump), Venous Pressure (post-dialyzer), and
Transmembrane Pressure (TMP). TMP is a calculated value: $$TMP = \frac{(P_{bi} + P_{bo})}{2} - \frac{(P_{di} +
P_{do})}{2}$$ where $P$ represents pressure at various inlets ($i$) and outlets ($0$) for blood ($b$) and dialysate
($d$).

Comparative Analysis: AK 200 Svs. AK 200 ULTRA S

While sharing a common DNA, the ULTRA S model includes specialized components for advanced fluid
management. The following table highlights the technical differences between the two models.



Feature AK 200 S (Standard) AK 200 ULTRA S

Primary Treatment Modes HD, Isolated UF HD, HDF (Online), HF (Online)

Substitution Fluid Source External Bags (if HDF) Online Production (U9000 Filters)

Fluid Balancing System Volumetric (Balance Chambers) Advanced Volumetric + Substitution
Pump

Filtration System Optional 1-Filter Standard 3-Filter System (Ultra-pure)

Kt/ Monitoring DIASCAN (Optional) DIASCAN (Integrated)

Target Application Routine Chronic Care High-Efficiency/Critical Care

The 3-Filter Hemodialysis System

A defining characteristic of the AK 200 ULTRA S is its triple-filtration pathway. To ensure the safety of ‘online’
substitution fluid, the machine utilizes Gambro U9000 filters. These filters contain polyamide membranes that act
as an absolute barrier to endotoxins and bacteria. The first filter purifies the incoming water, the second purifies the
dialysate, and the third provides a final 'polishing' step for the substitution fluid before it enters the blood circuit. This
ensures that the fluid meets the highest 'ultrapure' standards, significantly reducing systemic inflammation in
chronic patients.

Maintenance and Service Protocols

According to the Gambro AK 200 S Service Manual, preventive maintenance is not merely a recommendation but
a requirement for the device's certification. A qualified technician must perform a full calibration and safety check at
least once per year or every 2,000 operating hours.

Step-by-Step Fluid Check (Fch) Procedure

The Fch (Fluid Check)is a diagnostic routine performed during the machine's power-on sequence. If the machine
fails Fch, it will not enter the 'Ready’ state.

1. Initial Power-On: Restart the machine and wait for the software (e.g., Program Version 8.xx) to initialize.

2. Fch Activation: The machine automatically cycles through various valve tests and pressure leak tests.

3. Manual Flow Set: As specified in the technical instructions, press the Fluid Flow button and set the main flow
rate to 400 ml/min to verify the pump's calibration against the internal flow meter.

4. Calibration of Conductivity Cells: Technicians must use a reference meter to ensure the internal cells are
within &plusmn;0.1 mS/cm of the actual value.

Maintenance Checklist for Technicians

e Battery Replacement: The internal backup battery must be tested to ensure the machine can maintain the
blood pump for at least 15-20 minutes during a power failure.

¢ O-Ring Inspections: Check all connector O-rings for signs of wear or calcification.

¢ Descaling and Disinfection: Regular chemical disinfection (using Peracetic Acid or Sodium Hypochlorite) and
heat disinfection are vital to prevent biofilm formation in the hydraulic paths.

e Transducer Protector Check: Ensure that the air-fluid barriers in the pressure ports are dry and intact to
prevent cross-contamination.



Troubleshooting and Operational Challenges

Operating a complex device like the AK 200 S involves managing various alarms. Understanding the root cause of
these alarms is essential for reducing downtime.

Case Study: Low Conductivity Alarm

Observation: The machine enters 'Bypass' mode with a ‘Cond Low' alarm.

Technical Analysis: This can be caused by an empty concentrate container, a kinked suction tube, or a
malfunctioning concentrate pump. However, a common 'ghost' cause is a failure in the Degassing System. If air is
present in the fluid path, the conductivity sensors will read incorrectly.

Solution:Check the vacuum level of the degassing pump. If the vacuum is too low, the air will not be removed,
causing fluctuating conductivity readings. Adjust the degassing orifice or replace the pump motor if necessary.

Case Study: Blood Return Failure

Observation: During treatment, a power failure or technical error occurs, and the machine stops.

Technical Action: As per the 2015 safety advisories, users are instructed to manually return bloodto the patient
if the machine cannot be restarted immediately. This is done using the manual hand-crank on the blood pump.
Technicians must ensure that the hand-crank is always accessible and that staff are trained in 'emergency manual
return’ to prevent blood loss in the circuit.

The Role of Software in Therapy Optimization

Modern versions of the AK 200 series (Version 8.xx and above) incorporate the DIASCAN system. This is a non-
invasive tool that measures lonic Dialysance. By slightly varying the conductivity of the dialysate and measuring
the response, the machine can calculate the real-time clearance ($K$) and the total delivered dose ($Kt/V$).

The Kt/V Calculation

The machine uses the following formula to track treatment adequacy:

By monitoring this continuously, the AK 200 S allows clinicians to adjust flow rates or treatment times mid-session
to ensure the patient receives the prescribed dose, a process known as Targeted Dialysis.

Engineering for Safety and Longevity

The AK 200 series is renowned for its robust construction. The use of stainless steel in the heater vessels and
ceramic in the proportioning pumps ensures that the machine can withstand thousands of hours of exposure to
harsh chemicals and high temperatures. Furthermore, the dual-processor architectureprovides a 'fail-safe’
environment. One processor handles the control of the machine, while the second independently monitors all safety
parameters. If the two processors disagree, the machine automatically enters a safe 'alarm’ state.

Future Implications for Renal Technology

While the AK 200 series has been succeeded by newer platforms like the Artis or the AK 98, its legacy remains in
the fundamental principles it perfected. The shift toward High-Volume Online HDF, which the ULTRA S pioneered,
is now the standard of care in many parts of the world due to its superior cardiovascular outcomes. The rigorous
maintenance standards and technical workflows established for the AK 200 continue to serve as the blueprint for
training clinical engineers globally.



In conclusion, the Gambro AK 200 S and AK 200 ULTRA S are more than just dialysis machines; they are
sophisticated medical instruments that require a deep understanding of both fluid mechanics and clinical
physiology. By adhering to the strict maintenance protocols outlined in the service manuals and utilizing the
advanced features like online filtration and DIASCAN monitoring, healthcare providers can ensure the highest level
of safety and efficacy for their patients. The durability and precision of these systems continue to make them a
benchmark in the field of extracorporeal therapy, proving that sound engineering and technical transparency are
the keys to successful long-term patient outcomes.
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